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PREFACE. 


One  of  the  achievements  of  the  latter  half  of  the  century 
just  closed  has  been  the  development  of  the  study  of  the 
action  of  drugs  along  lines  scarcely  dreamed  of  formerly. 
This  has  been  made  possible  mainly  by  recourse  to  animal 
experimentation ;  by  methods  analogous  to  those  upon 
which  the  modern  science  of  physiology  is  built ;  by  re- 
placing accidental  observation  by  well-directed  research. 
Our  knowledge  has  thereby  been  placed  on  a  footing  of 
exactness,  without  which  the  application  of  drugs  to  the 
treatment  of  disease  could  only  be  empirical. 

The  ever-growing  importance  of  this  new  science  has 
made  necessary  a  revolution  in  the  methods  of  teaching  and 
studying.  To  understand  the  facts  furnished  by  experi- 
mentation, to  appreciate  the  course  of  reasoning  which  led 
to  them,  to  give  their  proper  value  to  new  observations,  the 
attitude  of  the  student  must  become  somewhat  that  of  the 
original  investigator.  Discourses  on  the  application  of  drugs 
to  the  cure  of  tlisease  must  be  supplemented  by  discourses 
on  the  physiologic  action  of  the  drugs,  on  reasons  for  these 
actions,  and  on  the  experiments  upon  which  the  stated  facts 
are  based.  These  again  should  be  supported  by  demon- 
strations or  laboratory  work,  if  possible.  A  want  of  this 
acquaintance  with  experimental  nictliods  has  ser\'cd  to  de- 
lay the  recognition  of  the  importance  of  pharmacology. 
It  has  also  hampered  the  more  intimate  relation  of  this 
science  with  applied  medicine — a  relation  which  could  not 
fail  to  be  of  the  greatest  benefit  to  both.  Nor  does  the 
usefulness  of  pharmacology  stop  when  it  has  explained  the 
action  of  drugs.  It  has  placed  the  treatment  of  poisoning, 
as  well  as  that  of  disease,  upon  a  rational  basis.  It  has 
thrown  light  upon  the  nature  of  many  diseases  which  are 
really  intoxications.  It  has  furnished  the  other  sciences 
with  methods  and  instruments  of  research. 

The  subject  of  therapeutics  has  always  been  famous  for 
the  difficulty  introduced  into  its  study  by  the  multiplicity 
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of  details  ■with  wliich  it  deaU.  A  not  insignificant  service 
of  pliarmacology  has  been,  tliat  it  enables  us  to  arrange  all 
the  numerous  drujjs  iiitn  a  few  j^rou]3s.  These  groups  arc 
distinguished  by  a  few  typical  actions,  whicii  vary  only 
i(uantitatively  in  the  imlividua!  mc-nibers.  'lo  realize  the 
advantage  of  this,  one  need  but  recall  the  groups  of  irri- 
tants or  metals.  Hy  tlie  old  system,  all  the  actions  of  these 
Iiad  to  be  enumerated  under  each  member,  whereas  the 
pharmacologic  grouping  allows  of  one  description,  appli- 
cable to  all.  This  needs  only  be  supplemented  by  a  few 
data  concerning  variations  from  the  ty|5c.  These  groups 
can  ^ain  be  arranged  in  such  order  that  the  actions  can 
almost  be  foretold  from  Uie  relations.  The  relief  from  the 
severe  tax  of  mcmorizini;,  obtained  by  this  method,  will  be 
apparent  to  all. 

The  advantages  of  studying  therapeutics  in  the  light  of 
pharmacology  will  scarcely  need  further  recommendation. 
However  [naiiife.^t  the.sc  advantages  appear,  it  has  greatly 
detracted  from  them  that  the  facts  furnished  by  pharma- 
cology have  been  comparatively  inaccessible.  Tlic  bare 
statement  of  the  conclusions  of  different  observers  is  of  use 
only  if  the  underKing  experimt-nts  are  unrlrrstood.  Exten 
sive  text-books  or  technical  journals  are  of  use  only  to  the 
specialist.  Too  great  deUiil,  indefinite  statement,  and  con- 
flicting theories  only  confuse  the  student  To  treat  the 
subject  apart  from  its  practical  application  makes  this  appli- 
cation diflicult.  To  treat  it  as  an  adjunct  to  clinical  thera- 
peutics deprives  it  of  tlie  logical  arrangement  wlijch  con- 
stitutes one  of  its  chief  advantages.  The  two,  although 
interdependent,  arc  best  separated  in  the  teaching.  The 
former,  the  clinical  application,  belongs  proi>erl\'  tn  the 
practice  of  physic.  On  the  other  iiand,  tlie  subjects  of 
pharmacognosy,  pharmacy,  materia  medica.  prescribing, 
incompatibility,  toxicology,  etc.,  in  so  far  as  they  have  any 
place  in  the  medical  curriculum,  are  convenient!)-  tiught 
from  the  same  chair  as  pharmacolog\'. 

My  aim  in  writing  this  volume  has  been  to  meet  these 
objections  and  indications. 

I  have  attempted  to  give  all  the  important  pharmacologic 
facts.  To  facilitate  their  understanding  and  memorizing, 
they  have  been  arranged  in  a  systematic  and  logical  manner, 
and  the  detailed  account  of  the  actions  has  been  prefaced  by 
a  very  brief  summary.     To  bring  out  tlie  more  important 
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"^p&its,  liberal  use  is  made  of  display  type,  rendering  it  pos- 
sible to  insert  considerable  matter  intended  only  for  refer- 
ence, without  making  tlie  book  unwicidy. 

The  experiments  and  reasoning  wliich  have  led  to  conclu- 
sions are  given  in  detail  whenever  necessary.  A  section 
on  laboratory  work  has  been  added,  giving  a  few  simple 
experiments,  together  with  sugge.stions  which  will  jjennit 
of  making  them  much  more  extensive.  These  require  but 
little  apparatus,  and  no  difficulty  will  be  experienced  in 
intrttducing  them  in  schools  with  a  limited  number  of  stu- 
dents. Witii  larger  classes  they  may  serve  as  a  basis  fur 
demonstrations.  The  study  of  these  experiments,  even  if 
they  cannot  be  actually  performed,  will  serve  to  render 
clear  to  the  student  many  ixjiats  witich  he  would  otiierwise 
find  it  difficult  to  ctmiprehend  ;  their  description  should 
therefore  form  part  of  the  text-book. 

Wheu  tlie  statements  of  different  cibservers  vary,  or  when 
several  thenries  are  advanced,  stress  has  been  placed  on 
those  which  deserve  preference.  Others,  which  arc  mani- 
festly erroneous,  ha\e  often  been  omitted  entirely.  When- 
ever it  has  been  possible  to  give  a  theory  uhicli  accounts 
satisfactorily  for  a  number  of  facts,  this  has  been  done. 

To  each  group  is  attached  a  short  section  treating  of  it5 
therapeutic  application.  This  is  furtlicr  made  prominent  by 
numerous  compilations  of  drugs  which  may  be  used  to 
secure  a  given  result ;  of  the  memlx-rs.  manner  of  action,  and 
indications  of  the  ulder  therapeutic  groujw  ;  and  by  a  nuin- 
bcT  of  summaries  giving  the  treatment  o(  common  patho- 
l«.tgic  conditions.  These  summaries  are  intended  rather  to 
point  out  the  ajjpliaition  of  pharmacology  to  practice,  leav- 
ing tile  detiilcd  treatment  of  therapeutics  to  text-books  on 
physic.  Frequent  cross-references  are  introduced  to  avoid 
repetition,  but  the  latter  is  practised  when  it  has  seemed 
advantageous. 

The  subject  of  materia  medica  is  a  vexatious  one  in  medi- 
cal teaching,  from  the  difficulty  of  deciding  how  much 
matter  should  be  included.  This  is  still  more  true  of 
a  text-book  intended  at  once  for  study  and  for  reference. 
[  have  aimed  to  limit  the  information  to  that  which  is 
likely  to  be  of  actual  use  in  prescribing,  and  tlie  prepara- 
tions which  deserve  preference  have  been  specially  indi- 
cated by  j*^.  Unofficial  preparations  in  common  use,  or 
possessing  advantageous   features,  have  been  freely  intro- 
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duced,  preference  being  given  to  those  of  the  "  National 
Formulary." 

The  subject  of  pharmacy  has  been  similarly  restricted. 
Toxicology  is  discussed  in  conjunction  with  Uie  pharma- 
cology. A  superficial  knowledge  of  the  course  of  toxico- 
logic analysis  is  essential  to  the  understanding  of  medicolegal 
questions.  The  identification  of  inorganic  poisons  receives 
sufHcdent  treatment  in  text-books  of  chemistry.  The  organic 
poisons  are  generally  omitted  in  these,  and  indeed  often 
require  pharmacologic  experience  for  their  recognition.  A 
very  brief  outline  of  this  subject  has  been  given  in  a  special 
chapter ;  similarly  with  pharmaceutic  assaying. 

I  cannot  lay  much  claim  to  originality  in  the  subject- 
matter  presented.  It  has  largely  been  drawn  from  such 
standard  authors  as  Schmiedeberg  and  others,  and  from 
technical  journals.  The  pharmacologic  groups  are  in  the 
main  those  made  classic  by  Schmiedeberg.  In  the  com- 
pilation of  the  therapeutic  sections  I  have  been  greatly  aided 
by  the  works  of  Lauder  Brunton  and  Kobert,  and  by  the 
ordinary  medical  literature.  For  the  methods  of  physio- 
logic experimentation  I  am  largely  indebted  to  Stewart's 
"  Physiology." 

I  am  under  great  obligation  to  Dr.  R.  B.  Metz  and  Dr. 
R.  A.  Hatcher  for  much  valuable  aid  in  the  revision  of  the 
proofs. 

Cleveland,  O.,  Septembtr,  igoi. 
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EXPLANATION    OF   ABBREVIATIONS    USED 
IN  MATERIA  MEDICA. 


The  sign  ^%  is  reserved  exclusively  for  the  preparations  most  commonly 
employed. 

When  the  name  of  a  drug  is  preceded  by  a  *,  the  drug  is  not  official  in  the 
last  edition  of  either  the  United  States  {U.S. P.)  or  the  British  (S.P.) 
i'liamiacopfleia.  Preparations  taken  from  the  National  Formulary,  1896,  are 
denoted  by  {X.F.). 

When  the  official  names  of  the  British  and  the  U.  S.  Pharmacopoeias  are  so 
similar  that  no  confusion  could  arise  through  the  omission,  only  one  of  these 
names  is  given,  to  avoid  repetition.  Similarly,  when  the  English  mime  does 
not  differ  from  the  Latin,  important  synonyms  are  always  mentioned. 

The  name  of  the  drug  is  followed  by  thai  of  the  plant,  etc.,  from  which  a 
drug  is  derived,  and  this  by  its  order  and  habitat. 

Tindura  Digitalis  —  1^%  —  one-half  Alcohol  means  that  100  c.c.  of  the 
tincture  contain  the  soluble  constituents  of  15  Gm.  of  the  drug,  extracted  with 
a  menstruum  consisting  of  one-half  alcohol  and  one-half  water. 

Soluble  in  jjo  parts  of  water  means  that  t  Gm.  of  the  substance  requires 
750  Gm.  of  water  for  its  solution. 

Sp.  g.  =  Specific  gravity. 

The  dose  is  given  in  both  the  metric  and  common  systems.  A  table  is  also 
given  on  the  last  page,  which  will  facilitate  the  conversion  of  either  system 
into  approximate  values  of  the  other. 

When  the  dose  of  the  fluid  extract  is  mentioned,  that  of  the  crude  drug  is 
omitted,  the  two  being  identical. 

W  ^  Water;  A  =  Alcohol. 


15 


PART  1. 

THE  PREPARATION  AND   PRESCRIBING  OF 
MEDICINES.— TOXICOLOGIC  ANALYSIS. 

CHAPTER  I. 
ELEMENTS  OF  PHARMACOGNOSY. 

Pharmacognosy  is  that  branch  of  science  which  treats  of 
the  physical  and  chemic  character  of  drugs. 

The  crude  organic  drugs  which  form  a  large  part  of  the 
materia  medica  are  principally  derived  from  the  vegetable 
kingdom.  All  the  different  parts  of  a  plant  are  employed. 
The  active  principle  is  often  diffused  throughout  the  plant,  but 
is  generally  more  abundant  in  one  particular  part,  which  is 
then  used. 

I.  GROSS  ANATOMY  OF  PLANTS. 

1.  Underground  Portions  of  the  Plant. — Root  {radix): 
that  part,  generally  devoid  of  chlorophyl  (coloring-matter), 
which  has  not  the  power  of  producing  leaves.  Roots 
possess  a  bark,  which  is  sometimes  employed  separately 
(sassafras,  euonymus).  If  the  underground  portion  does 
produce  leaves,  it  is  called  riazome  (rhisoma).  If  part  of 
the  root  serves  for  the  accumulation  of  reserve  food  ma- 
terial, it  becomes  greatly  thickened  and  is  then  called 
tuber.  ^  If  this  accumulation  takes  place  in  the  root-leaves, 
it  forms  a  buib  {bidbus).  ^  The  lowest  part  of  the  stem  of 
the  plant  is  often  thickened,  and  is  then  called  corm  {conmts). 

2.  Portions  Above  Ground. — When  the  whole  plant, 
with  the  exception  of  the  root,  is  used,  it  is  termed  herb 
{Jierba  or  species).  This  consists  of  stems,  leaves,  and  often 
flowers  or  fruits. 

'  Potato.  '  Onion. 
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Stem. — With  herby  plants  this  is  called  stipes  ;  with  larger 
plants  it  is  transformed  into  wood  {lignum)  and  is  covered 
with  bark  {cortex).  The  outer  {epidermal)  layers  of  the  older 
bark  are  always  corky,  inside  of  this  a  secondary  bark 
develops  {liber). 

The  leaves  {folia)  may  consist  of  a  leaf-stem  {petiolus) 
and  the  blade  {lamina). 

The  shape  of  the  leaves,  the  distribution  of  their  veins,  and  the 
character  of  the  edges  are  often  of  importance  in  distinguishing 
them. 

Thftflmver  {flos)  must  be  considered  as  a  special  modifica- 
tion of  the  leaves.  It  consists  of  the  (usually  green)  calyx 
(parts  1=^  sepals)  and  a  corolla. 

The  latter  consists  of  the  showy  leaflets  (petals)  and  the 
inconspicuous  male  and  female  elements  {stamens  and  pistil). 
The  former  bear  the  fertilizing  element  in  the  form  of  gran- 
ules {pollen).  The  pistil  consists  of  the  ovary,  which  de- 
velops the  seed,  and  the  style  and  stigma,  which  serve  to 
receive  the  pollen.  The  calyx,  corolla,  and  pistil  or  stam- 
ina may  be  wanting. 

After  fertilization  the  ovary  develops  into  Xh^  fruit  {fruc- 
tus)  ;  this  may  also  involve  neighboring  parts,  especially  the 
top  of  the  stem,  as  in  the  apple,  strawberry,  etc. 

The  fruit  consists  of  the  outer  portion,  pericarp,  and  the 
seed  {semen).  The  latter  contains  the  embryo  and  nutritive 
material.     It  is  protected  by  a  more  or  less  hard  shell. 

When  the  embryo  begins  to  develop  it  differentiates  into 
a  rootlet,  and  a  fleshy  portion,  cotyledon,  which  will  form 
stem  and  leaves. 

Certain  organic  drugs  consist  of  the  coagulated  juices  of 
the  plant,  and  do  not  show  any  structure. 

11.  CHEMISTRY  OF  PLANTS. 
Plants,  like  animals,  consist  of  cells.     These  determine  to  a 
large  extent  not  only  the  physical  character,  but  also  the  chemic 
composition,  of  the  drug. 

The  cell  wall  is  much  more  conspicuous  in  plants  than  in 
animals.     Its  chemic  composition  is  not  uniform. 

I.  The  cell-contents  (which  contain  the  nucleus)  consist 
of  protoplasm.  This  may  present  various  granular  en- 
closures consisting  of  protcids  {akuroii),  starch,  fat,  and 
mineral  salts  (especially  calcium  oxalate).  They  may  be 
amorphous  or  crystalline. 
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Allied  to  the  proteid  enclosures  are  the  chloropkyl granules. 

These  consist  of  a  colorless,  spongy,  proteid  groundwork,  con- 
taining in  its  meshes  the  chlorophyl  pigment.  The  latter  con- 
sists really  of  a  mixture  of  green  and  yellow  colors  (chloro- 
phyl and  xanthophyl). 

These  chlorophyl  granules  are  found  mainly  in  the  higher 
plants,  and  serve  in  the  presence  of  light  to  assimilate  COj, 
and  consequently  to  form  starch,  etc.  The  chlorophyl  is 
insoluble  in  water,  but  soluble  in  alcohol,  ether,  etc.  Dur- 
ing the  process  of  drying,  especially  if  this  occurs  slowly, 
the  pigment  is  acted  on  by  acids,  etc.,  developed  under 
these  conditions,  and  undergoes  various  changes,  usually 
becoming  brown. 

Other  portions  of  the  plant  may  also  contain  coloring- 
matter  of  various  nature.  (See  p.  113,  "Dyes.")  These 
produce  the  brown,  etc.,  color  of  the  fluid  preparations. 

The/<z/  seems  to  be  deposited  and  formed  much  as  it  is 
in  animals  ;  /.  f.,  by  the  transformation  of  the  protoplasm. 

Fat  and  fixed  oils  are  compounds  of  fatty  acids  and  gly- 
cerin.    The  most  important  are : 

Fattv  Acids  :  Fats  : 


Palmitin,  C,Hj(C,,H„OJ,. 
Margarin,  C,H,(C„H„OJ„ 

etc. 
(Glycerin  =  C,H,(OH),). 


Palmitic,  C„H^O,) 
Margaric,C„H^O,  \  (=  C„H,„0.) 
Stearic,    C„H^OJ 
Oleic,  C„H„0,. 

They  are  greasy  liquids  or  soft  solids  ;  when  heated,  they 
undergo  decomposition,  denoted  by  acrid  vapors.  They 
are  insoluble  in  water  or  glycerin,  sparingly  soluble  in 
alcohol,  and  freely  soluble  in  ether,  chloroform,  benzin, 
turpentine,  etc. 

Fat  may  be  seen  in  the  cells  either  as  drops  or  as  crys- 
tals. The  fat  is  most  abundant  in  seeds,  and  may  form 
more  than  half  of  their  weight. 

Starch  (C^H,gOji)„  is  produced  as  one  of  the  first  stages 
in  the  assimilation  of  COj.  It  occurs  in  the  form  of  gran- 
ules, usually  showing  a  laminated  structure  around  a  center 
(hilus).  The  character  of  this  lamination,  as  well  as  the 
average  shape  and  size  of  the  granules,  are  important  in 
distinguishing  between  different  plants  (Fig.  i). 

Starch  can  be  easily  recognized  by  the  blue  color  which 
it  gives  with  iodin.  It  is  insoluble  in  all  the  ordinary  sol- 
vents, but  with  boiling  water  swells  and  forms  a  peculiar 
mixture  (paste). 
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Fig.  I. — Microscopic  appearance  of  different  starches  (uniform  raagnifica- 
lioD)  (Noel):  I,  Arrowroot;  2,  raw  (apioca ;  3,  tapioca;  4,  potato;  5, 
galanga;  6,  East  Indian  arrowroot;  7«  sago;  8,  beans;  9,  rye;  lo,  wheat; 
II, barley;  12,  Indian  com  ;   13,  rice ;  14,  uats. 


SUBSTANCES    IN   SOLUTION.  21 

3.  Besides  these  solid  enclosures,  the  protoplasm  may 
contain  a  large  number  of  substances  in  solution.  These 
may,  however,  also  occur  as  precipitates  under  special  con- 
ditions.     In  dried  plants  they  occur,  of  course,  as  solids. 

Tannins, — These  are  somewhat  ill-defined  compounds, 
their  composition  being  little  understood.  They  probably 
do  not  all  belong  to  the  same  chemic  group,  although  tliey 
contain  the  benzol  ring.  They  possess  certain  properties  in 
common  :  They  form  insoluble  compounds  with  iron  salts, 
with  proteids,  alkaloids,  gelatin,  etc.  With  connective 
tissue  they  form  an  extremely  insoluble  and  impenetrable 
compound,  leather.  On  account  of  the  reaction  with  pro- 
teids, etc.,  they  possess  an  astringent  action. 

The  precipitate  formed  with  iron  has  a  blue  color  with  certain 
tannins,  a  green  color  with  others,  and  this  seems  to  some  ex- 
tent to  be  connected  with  differences  in  their  composition.  This 
is  not,  however,  sufficient  to  form  them  into  two  groups,  since 
the  color  varies  with  the  reaction  of.  the  liquid. 

Tannins  are  soluble  in  water  and  in  alcohol,  but  since 
they  form  insoluble  compounds  with  so  many  substances, 
they  frequently  occur  in  plants  in  granular  form. 

They  are  easily  decomposed,  some  yielding  glucose  as 
one  of  their  decomposition  products,  others  a  class  of  bodies 
greatly  resembling  resins,  and  called  phobaphenes.  Others 
yield  pyrocatechin  on  destructive  distillation. 

Gallic  acid  is  related  to  the  ordinary  (oak)  tannin  : 

r  CO,H  -. 

a    |C.H./  J  -H,0:=C,.H„0,. 

Gallic  acid.  Tannin. 

Proteids. — All  the  different  classes  are  represented. 
They  may  be  characterized  by  the  biuret  or  Millon's  reac- 
tions. 

Sugar. — The  various  forms  of  sugars  enjoy  a  wide  dis- 
tribution in  the  vegetable  kingdom,  and  occur  as  cane- 
sugar,  dextrose,  levulose,  and  others.  Some  of  these  re- 
duce copper  in  alkaline  solution.  All  turn  the  plane  of 
polarized  light.  They  are  soluble  in  water  ;  much  less  so 
in  alcohol.     The  most  important  types  are  : 

Mannite,  C,H„0,. 
Glucose,  C,H,jO,. 
Maltose  and  saccharose,  C,jHjjO„. 
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Intermediate  between  starch  and  sugar  are  dextrin  and 
gums  ;  the  latter  are  largely  pathologic. 

Resins  are  compounds  of  uncertain  compositions,  non- 
volatile, soluble  in  alcohol,  etc.,  insoluble  in  water.  They 
are  contained  in  special  vessels,  from  which  they  are  usually 
obtained  as  exudations  after  incising  the  plant.  When  they 
occur  mixed  with  essential  oils,  they  are  natural  oleoresins  ; 
when  mixed  with  gums,  g^tm-resins.  If  they  contain  aromatic 
acids  (cinnamomic,  benzoic,  etc.),  they  are  called  balsams. 

The  most  active  principles  of  the  plant  also  exist  largely 
in  solution.  Of  these,  the  most  important  are  iht  alkaloids. 
(Seep.  151.) 

Glucosids  are  those  principles  which,  subjected  to  the 
action  of  ferments  or  of  acids,  yield  glucose  as  one  of  their 
decomposition  products.  Many  do  not  contain  nitrogen. 
But  little  is  known  about  the  chemic  structure. 

This  holds  true  still  more  of  other  active  principles,  such 
as  bitter  substances,  saponins,  etc. 

Proximate  principles  are  definite  organic  chemic  constitu- 
ents, and  are  the  purest  form  in  which  an  organic  substance 
can  be  isolated,  without  changing  its  nature. 

Thus,  morphin  (not  morphin  sulphate). 

Neutral  principles  are  those  which  do  not  possess  acid  or 
basic  characters. 

Bitter  principles  are  those  which  possess  a  bitter  taste 
(alkaloids  are  not  usually  included  in  this  class). 

Active  principles  are  those  which  determine  the  action  of 
the  drug. 

Rcsinoids  are  principles  soluble  in  alcohol  and  insoluble 
in  water. 

The  juice  of  the  plant  contains  dissolved  in  it  a  large 
number  of  organic  compounds,  such  as  alcohols,  aldekyds, 
ethers,  acids,  aromatic  bodies,  etc. 

Plants  almost  always  contain  coloring-matter,  the  chemic 
nature  of  which  is  often  not  known. 

They  also  contain  a  fair  amount  of  mineral  salts,  which 
remain  as  ashes  when  the  plants  are  incinerated ;  these  salts 
seem  to  be  combined  largely  with  the  protoplasm,  and  exist 
partly  dissolved,  partly  as  cr>'stals.  Growing  tissues  are 
always  richer  in  salts  than  those  fully  developed. 

By  extractive  matter  is  meant  the  smeary  mass  of  un- 
known composition  which  remains   after   evaporating  any 
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extract  from  which  the  important  constituents  have  been 
removed. 

III.  THE  CELL. 

The  form  and  arrangement  of  the  cell  wall  will  determine 
the  histology  of  the  plant. 

I,  This  cell  wall  consists  originally  of  cellulose.  This 
cellulose  is  chemically  an  isomer  of  starch,  having  the  elemen- 
tary formula  (CgHjgOj)„.  It  is  insoluble  in  all  the  ordinary 
solvents,  and  is  not  affected  by  boiling  water.  It  dissolves 
without  change  in  Schweitzer's  reagent  (ammoniated  solution 
of  copper  sulphate).  In  older  cells  it  is  often  modified  by 
the  introduction  of  allied  molecules  :  wood  (lignin)  or  cork 
(suberin).  The  cellulose  may  also  undei^o  a  retrograde 
metamorphosis  into  gum  or  pectin. 

A  means  of  distinguishing  between  these  compounds  is 
the  action  of  iodin  after  concentrated  sulphuric  acid :  the 
tissue  is  treated  with  a  drop  of  concentrated  H^SO^,  washed, 
and  then  placed  in  iodin  solution  ;  this  will  give  a  blue  color 
to  cellulose,  but  not  to  lignin  or  cork.  Cellulose  does 
not  easily  take  up  pigments,  lignin  does.  Cork  is  very 
resistant  to  reagents  and  impermeable  to  water,  and  hence 
protects  the  plant  against  evaporation  and  chemic  injury. 

Under  certain  conditions  cellulose  seems  to  be  converted 
into  gum  or  pectins.  This  transformation  may  also  involve 
the  cell  content.  It  occurs  to  some  extent  normally  in  cer- 
tain tissues,  but  may  become  extremely  abundant  as  the 
result  of  a  pathologic  process.  The  chemistry  of  these 
gummy  substances  is  but  imperfectly  understood,  but  they 
belong  to  the  carbohydrate  group. 

Gums  and  pectins  are  substances  giving  slimy  solutions  with 
water;  they  are  insoluble  in  alcohol ;  they  yield  reducing  sugars 
when  boiled  with  dilute  acids. 

3.  Forms  of  the  Cell. — The  cell  may  increase  in  size 
and  in  thickness,  and  assumes  varying  forms.  The  growth 
in  thickness  may  remain  confined  to  the  walls,  so  that  the 
lumen  may  be  almost  abolished.  In  cither  case  it  may  not 
be  uniform  over  the  whole  surface  of  the  wall,  and  in  this 
way  depressions  (pits)  or  elevations  may  be  formed.  Tlie 
latter  may  assume  various  shapes,  and  occur  asspirals,  net- 
work, etc.  (Figs.  2  and  3). 

If  the  cell  wall  becomes  very  thick  and  the  lumen  corre- 
spondingly small,  the  result  is  a  stone  cell  (Fig.  4). 


Fig.  5- — l*areoctiyiiia  from  elder  pilh 
(FlQckigcr  and  Tftcbirch). 


IV.  THE  TISSUES. 
The  cells  are  united  into  tissues,  which  may  be  classified, 
according  to  structure  and  functions,  into: 

1.  Dcrtnal :  for  cxtcnial  protection. 

2.  Suppifrting :  to  give  solidity. 

3.  Assimilation :  for  assimilation  <^  CO^ 
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4.  Conduction:  for  the  conveyance  of  juices. 

5.  Storage:  for  accumulation  of  reserve  stock  of  water 
and  nutritive  material. 

6.  Aeration :  for  the  conveyance  of  air. 

7.  Glandular:  For  the  elaboration  and  storage  of  secre- 
tions. 

I .  Dermal  Tissues. — The  epidermis  (Fig.  6,  d)  consists,  in 
the  higher  plants, 
of  one  or  more 
layers  of  flattened 
cells,  generally  pos- 
sessing thickened 
walls,  and  covered 
by  a  structureless 
resistant  mem- 
brane, cuticle. 

The  epidermic 
cells  may  be  trans- 
formed into  hairs 
(trichomata)  (Fig. 
7).  These  may  take 
on  glandular  func- 
tions (elaboration  of  the  essential  oils,  resins,  or  gums)  ;  or 


Fig.  6. — Fruit-shell  of  colocynth  :  a,  Epi- 
dennis  ;  b,  parenchyma  ;  c,  sclerenchyma  (FlUck- 
iger  aod  Tschirch). 


^g-    7- — Hairs  from  mullein   flowers;    a.  Fig.  8. — Bast  cell 

From  stamiim ;    b,  from  petals  (FlUckiger  and  from       cinchona  bark 

Tschirch).  (FlUckiger       and 

Tschirch). 

they  may  be  transformed  into  spines  ;  but  the  latter  generally 
contain  wood  also. 
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This  epidermis  is  the  only  coverinj^  of  delicate  plants ; 
with  the  larger  species  it  becomes  insufficit-nt.  In  tliese  it 
is  reinforced  by  the  devKU)[jmenl  bcricatli  it  uf  the  /trw/iT?//, 
which  consists  of  cork  cells.  These  are  also  flattened,  thick- 
wallcd  cells;  they  c»5nt;iin  air  and  no  protoplasm. 

3.  Supporting  Tissues. — In  younger  tissues  this  func- 
tion is  borne  by  polygonal  ctrlls  {loilatchvnia)  with  rather 
thick  walls  and  containing  protoplasm.  In  fully  developed 
plants  this  is  replaced  by  bast  ceils  {sc/eroids)  (Kig.  8);  i.  r., 

long  cells,  similar 
to  stone  cells,  with 
vcr>'  thick  walls  and 
small  lumen,  con- 
taining air.  They 
are  variously  ar- 
ranged, occurring 
either  isolated  or 
combined  into  defi- 
nite structures. 

3.  Assimilation 
Tissues  (fur  CUJ. 
— These  consist  of 
the  cells  containing 
chlorophyl.  Since 
assimilation  of  car- 
bon occurs  only  in 
the  presence  of 
light,  such  cells  are 
only  found  on  ex- 
posed portions, 
especially  in  the 
leaves,  and  here  on 
that  side  of  the 
leaves  turned  toward  the  sky.  The  ct;lls  are  nf  the  par- 
enchyma type,  and  are  rich  in  protoplasm  in  which  chloro- 
phyl  granules  are  embedded.  The  cells  arc  usually 
arranged  in  palisade  form. 

4.  Conducting  System. — The  leaf-ribs,  stems,  and  roots 
of  plants  are  traversed  by  long  fibrous  structures,  ihcjibro' 
vascu/ar  bumiits {Vx^.  9).  These  consist  of  a  number  of 
conducting  elements,  surrounded  and  supported  by  bast  cells. 
The  former  consists  of  several  structures  which  may  not  all 
be  present  in  the  same  bundle.     These  arc  : 


^;*'% 


Fig.  9. — TrttiSTerse  seclion  through  fibro- 
vsKulnr  bundle  of  innizc  item :  a,  Kxtcrior  ;  /,  io- 
tenar;  /,  grauiMl  I  issue ;  r,  nng-re^^eU;  t,  yyxnX 
vessels;  ^,  dolled  re^ieU;  /,  interceltuUr  cleft; 
Xt  wood  cells  ;  r,  phloem  (Sachs). 
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(a)  lite  t'gssds  proper.  These  arc  long  tubes,  formed 
through  the  disappearance  of  the  separating  wall  of  ad- 
joining cells.  The  walls  of  these  tubes  show  various 
thickenings,  which  serve  to  classif)-  them  into  ringed,  spiral, 
ladder,  etc.,  vessels.     (Fig.  9,  r,  s,  g.) 

(h)  The  tracheitis  (wood  cells).  Each  tube  consists  of  a 
single  long  cell  with  rather  heavy  walls.  These  two  sets 
of  vessels  serve  for  the  conduction  of  water.      (Fig.  9.  -i".) 

(r)  Wood  pinemhyvut  (phloem).  Short,  thin-walled,  pro- 
toplasmic cells,  serving  for  the  conduction  and  stor^^e  of 
carbohydrates.     (Fig.  9,  t-.) 

The  wood  {ligmwi)  consists  of  these  three  elements,  and 
of  bast  cells  ;  all  these  are,  on  the  whole,  arranged  in  the 
long  axis  of  the  stem,  but  are  traversed  radially  by  rows  of 


Fig.  10, — /,  LftCtcal  ves-H-l"  ;  .t.  tnKuim  oxninlp  cr^-stils;  t',  TAsculu  bundles 
(KlQckigrr  mid  Tschirch). 

parenchyma  cells  {medullary  rays).  The  youngest  layer  of 
the  wood  in  dicotylcflenous  plants  is  the  cambium,  consist- 
ing of  flat  parenchyma  cells. 

id")  Another  clement  of  the  fibrovascular  bundles  is 
Ibrmed  of  the  sieve  tubes,  very  long  cells,  whose  walls  are 
formed  by  delicate  membranes  pierced  with  holes.  They 
serve  for  the  condiicli«n  of  the  albuminous  elements. 

5.  Storage  System. — Arranycnjcnts  for  the  storage  of 
reserve  food  material  exist  in  the  most  varied  organs.  These 
reserve  foods  con.sist  usualh'  of  solid  and  sparingly  soluble 
substances:  starch,  fat,  proteids,  etc.  Water  is  also  stored. 
The  storage  takes  place  in  the  bodies  of  the  cells  forming 
these  structures. 

6,  System  of  Aeration. — The  gaseous  metabolism  of 
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plants  is  vcr>'  important.  An  extensive  system  exists  for 
the  ficnetration  and  distribution  of  gases.  The  epidermis, 
especially  on  the  under  surface  of  the  leaves,  is  provided 
with  pores  {stomata),  usually  guarded  b)'  special  cells,  and 
these  conununicatc  with  clefts  in  the  tissue. 

7.  Glandular  System. — This  consists  partly  of  cells, 
partly  of  tubes.     The  latter  may  be  formed  by  the  brcak- 

ing-down  of  ccU  bodies, 
■^pjuy  1 1 J  rn"4,  '^.tzav^.^  oi  as  regular  ducts,  sinii- 

^^^^*g{^»         l.-ir  to  those  found  in  ani- 
^^^         nial  glands. 

The  glandular  cells 
ser\'e  especiall)'  for  the 
elaboration  and  storage 
of  ethereal  oils.  Thej- 
occur  isolated  and  have 
a  more  or  less  globular 
form.  Cells  also  serve 
for  the  elaboration  and 
storage  of  mucilatjin- 
ous  and  resinous  sub- 
stances. 

Tubes. — The  tubes  for 
Mtlkjuieesarc  partly  con- 
ducting, partly  glandular 
in  function.  They  arise 
through  tlie  absorption 
of  the  separating  mem- 
brane of  cells,  like  the 
vessels  of  the  vascular 
bundles,  but  usually  oc- 
cur isolated  (Fig.  10). 
These  cells  were  origin- 
ally filled  witli  secre- 
tion :  eaoutehoue  (differ- 
ing from  resin  in  being  insoluble  in  ether),  alkaloids  (opium), 
resins,  oils,  or  balsams,  T)ic  side  wall  of  the  cell  may 
also  disappear,  sn  that  the  contents  lie  in  an  intercellular 
space— resin  or  oil  spaces  {e.g.,  oil  of  lemon) — (I'ig-  ii,  0 
and  h). 

These  diflcr  \n  the  manner  of  their  formation  from  the 
secreting  sptues  (I'ig-  12,  hg),  which  were  never  cells,  but 
represent  from  their  origin  ducts  like  those  found  in  animal 


Fig.  II. — on  spaces  in  iniDsveric  mc- 
lioti  of  liiixomc  uf  Antua  men/ana :  /, 
WoofI -build le*  ;  c.  oil  spaces;  ^,  in  process 
orformiiuon  by  tcaiingoflhe  grouDd  tisi»uc; 
<i,  rptMcma  (rool-cpHlcrmtij.  l''rce  oil 
<ln>i»  are  lo  be  seen  in  ibc  neighborhood 
of  the  oil  ^3«ccft. 
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glands,  and    are    surrounded    by  special  parenchymatous 
secreting  cells  (Fig.    12,  c).     This  formation  is  especially 


Fig.  12. — Cross-section  of  pine- wood  :  jg;  Annual  rings  ;  /h,  spring  wood  ;  AA, 
fall  wood  ;  Ag,  resin  duct ;  c,  secreting  cells ;  /,  pores  ;  m,  medullary  rays. 

common  in  the  umbelliferae,  compositae,  and  coniferae,  in 
which  they  contain  resins  and  essential  oils. 


CHAPTER    II. 

PHARMACY;    METROLOGY. 

I.  Definition  and  Objects. — Pharmacy  deals  with  the 
preparation  and  compounding  of  drugs  for  the  purpose  of 
administration. 

The  necessity  for  such  an  art  will  be  readily  understood. 
Drugs  may  be  divided  according  to  their  origin  into  mineral, 
vegetable,  and  animal  drugs.  The  last  two  are  often  too  bulky 
to  be  conveniently  used,  and  the  substances  which  determine 
their  action  are  often  in  such  a  condition  that  they  can  not  readily 
be  separated  in  the  body,  and  so  can  not  develop  their  action. 
Further,  one  drug  alone  does  not  usually  meet  all  the  indications 
in  a  disease,  and  when  several  are  given  it  is  necessary  to  com- 
bine them  in  such  a  way  that  they  may  not  interfere  with  one 
another,  either  chemically  or  mechanically.  Lastly,  having 
chosen  and  prepared  the  drugs  in  a  proper  manner,  and  having 
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decided  how  to  combine  ihcm,  it  is  highly  desirable  to  give  them 
in  siith  a  form  as  will  be  least  objectionable  lo  the  taste,  smell, 
or  sight  of  the  patient. 

These  constitute  the  objects  of  pharmacy  :  the  separation 
of  the  active  principles  ofdru^s,  their  combination,  and  the 
putting  of  them  in  a  j>leasant  form.  In  regard  to  the 
prejjarations.  only  tliose  of  the  drugs  of  orj^anic  orifpn — the 
"  Galenics,"  ^  so  called — will  be  treated  of  in  this  place. 
The  preparation  of  inorganic  compounds  belongs  more 
strictly  to  the  domain  of  chemistry. 

A  certain  degree  of  uniforinit)'  in  the  strength  and  prepa- 
ration of  pharmaceutic  products  is  absolutely  indispensable. 
Accordingly,  practically  all  civilized  countries  havcstandards 
established  by  law,  to  which  the  drugs  and  preparations  in 
the  shops  must  conform.  The  book  in  which  these  stan- 
dards are  publislicd  is  usually  called  the  Pharmacopaia. 
That  of  the  United  States  was  first  published  in  1820,  and 
is  revised  every  ten  years  by  a  committee  of  pliysicians  and 
pharmacists.  Preparations  made  in  conformit>*  to  it  are 
called  ofhcia]. 

Many  unofficial  preparations,  not  contained  in  it,  are  also  in 
current  use.  The  real  liasis  of  the  strength  of  all  prc|>arations 
should,  of  touTse,  l)e  founded  upon  actual  testa  of  their  pharma- 
cologic action.  But  ihishasnot  Iwen  found  practicable  in  many 
cases.  When  the  iinporlanl  constituents  are  well  known  and  of 
conslaul  activity  and  composilion.  everv'  purpose  is  served  by 
determining  the  percentage  of  these  ingredients  by  a  process  of 
assaying.  (See  p.  85. )  Hut  even  this  is  not  practicable  in  many 
coses,  so  that  the  strength  of  many  prci>3rations  is  purely  empi- 
rical ;  ihcy  are  made  from  so  mu<.h  of  the  drug,  diluted  to  a  given 
amount.  Crude  as  such  a  method  may  be,  since  il  takes  no 
account  of  the  natural  variability  in  active  constituents  of  the 
drug  itself  nor  of  the  didferencc  in  the  skill  of  the  manufacturer 
in  extracting  these  constituents,  it  is  none  the  less  useful.  Kor 
this  puq>ose,  then,  it  is  only  necessary  to  weigh  and  measure  the 
various  ingredients,  and,  for  tlic  rest,  to  follow  lo  the  letter  the 
directions  for  the  manipulations. 

K  discussion  of  the  elementary  principles  of  metrology,  the 
science  of  weights  and  measures,  then,  forms  the  first  topic 
treated  of  in  this  chai>ter. 

2.  Metrology. — Formerly  every  country,  even  every  Stale, 

>  •'Galenic*"  are.  sliicUy  speakhig.  medicine  prepared  after  ihe  formulas 
of  Gftlen.  The  icmt  is  now  u.<rd  10  designate  standard  preparatioiu  coutaicing 
one  or  seveml  organic  ingredicuts. 


3.9370432 


Inches. 


Fig.  13. — Metric  djagnim— conipansnn  of  measarcs  of  length,  capacitj^,  and 
weight  (Coblenu). 


is  a  hopeful  sign  that  the  United  States  Pharmaropreta  has  decided 
to  employ  the  metric  system.  This  system  originated  in  France 
near  ihc  close  of  the  last  century.  It  has  been  adopted  in  science 
to  the  exclusion  of  all  others,  and  possesses  a  number  of  adran- 


32  PHARMACY  ;    METROLOGY.  CH.  II. 

tages  which  will  be  better  appreciated  when  all  the  current  sys- 
tems have  been  considered. 

The  Metric  System. — This  is  based  on  the  decimal  sys- 
tem, and  has  for  the  unit  of  all  measure  the  measure  of 
length,  the  meter  (M.),  the  forty-millionth  part  of  the  merid- 
ional circumference  of  the  earth.  This  is  divided  into  lo, 
lOO,  and  lOOO  parts,  called  respectively  decimeter  (dm.), 
centimeter  (cm.),  and  millimeter  (mm.). 

The  contents  of  a  cube  whose  edges  measure  a  decimeter 
form  the  unit  of  capacity  (Fig.  13),  the  liter  (L.).  The 
thousandth  part  of  this  is  a  cubic  centimeter  (c.cm.,  or, 
briefly,  c.c).  The  unit  of  weight  is  given  by  the  weight  of 
a  liter  of  distilled  water  at  4°  C.  and  760  mm.  pressure :  this 
is  the  kilogram  (Kg.).  A  thousandth  part  of  this  is  a  gram 
(Gm.).  A  quantity  ten  times  the  unit  is  expressed  by  pre- 
fixing the  Greek  numeral  Deca ;  one  hundred  times,  Hecto ; 
one  thousand  times,  Kilo.  The  tenth  part  of  the  unit  is  ex- 
pressed by  prefixing  the  Latin  numeral  deci ;  one-hundredth, 
centi;  one-thousandth,  milli. 

Thus: 

1000 

100 

10 


0.1 


Gm.  =  Kilogram 

(Kg.) 

"    =  Hectogram 

(Hg.) 

**    =  Decagram 

(Hg.) 

"    =  Gram 

(Gm.) 

"    =  decigram 

(dg-) 

'•     =  centigram 

(eg.) 

**    =  milligram 

(mg.) 

In  quantities  including  several  denominations  only  one 
unit  is  used:  thus,  1.234  Kg.  would  be  read  as  1234 
Gm. ;  0.002  Gm.  as  two  milligrams,  etc.  It  will  be  seen 
that  in  the  abbreviations  capital  letters  are  used  for  the 
units  and  larger,  and  small  letters  for  fractions  of  units. 
The  quantities  are  always  denoted  by  Arabic  figures  placed 
before  the  appellation.  Fractional  parts  are  always  con- 
verted into  decimal  fractions. 

In  continental  Europe  the  liquid  measure  is  very  little  used  in 
pharmacy,  liquids  being  usually  weighed. 

Whilst  the  metric  system  has  now  been  adopted  as  the  phar- 
maceutic standard,  other  systems — the  so-called  common  systems 
— are  still  in  vogue  for  prescriptions  and  in  commerce.  These 
have  an  arbitrary  unit,  the  grain. 
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The  denominations  are  the  following  :^ 

APOTHECARIES'  OR  TROY  WEIGHT. 
(Used  in  Prsscriptions.) 

Grain  (gr.) 

[Scruple,  O)       =  20  gre.] 
Drachm,  (3)       [=  39]  =  60  gre. 
Troy  ounce,  (J)  =  S^    =  480  grs. 
[Troy  poimd        =  123  =  5760  gis.] 
(Sj    of  water  under  standard   conditions    measures    505^ 
minims.) 

AVOIRDUPOIS  WEIGHT. 
<A  System  Used  in  Commerce.) 

Grain  =  same  as  Troy  grain. 

Ounce  (oz.)  =  437^  grains. 

Pound  (lb.)  =  16  ozs.  =  7000      grains. 
Ton  =  2000  lbs. 

UNITED  STATES  APOTHECARIES'  OR  WINE  MEASURE. 
(UsKo  IN  United  States  for  both  Prescription  and  Commercial  Purposes.} 

Minim  (nt)  (approximately  equal  to  one  drop  or  to  one  grain 

of  water — more  exactly,  0.95  grain). 
Fluidrachm  (flg)  ^  60  n^- 

Fluidounce  (flg)  =  8  63    :=  480  nt  (flgj  of  water 

under  standard  conditions  weighs  456^  grains). 
Pint  (pt.,  or  Octarius,  O)        =  16  fl|  =  7680  th,. 
Quart  (qt.)  =  2  pts.  =  32  flj. 

Gallon  (gal.,  or  Congius,  C)  =  8  O     =  128  flg  =  61,440  %. 
A  gallon  holds  231  cubic  inches. 

Another  system  of  liquid  measure  is  in  use  in  Great 
Britain,  and  must  not  be  confused  with  the  American  sys- 
tem.    It  is  the 

IMPERIAL  MEASURE. 

United  States  SvSTBH. 

Minims  (min.)  =  0.96  n^, 

Fluidrachm  (fl.dr. )  =  60  min.  ^  0.96  flg 

Fluidounce  (fl.oz.)   ^    8  drachms      =  0.96  flg 
Pint  (O)  =  20  fluidounces  =  1.2  O 

Gallon  (C)  =    8  pints  =  1.2  C 

In  writing  the  apothecaries'  measure  in  prescriptions,  the 
figures  are  written  in  the  Roman  system  and  placed  after  the 
appellation.  Thus,  gr.  xx,  not  20  grs.  The  ones  are  always 
dotted,  and  the  last  one  is  formed  like  a  j  :  thus,  3iij.  Svj, 
etc     The  fl.  before  the  sign  is  often  omitted  with  liquids. 

*  Those  in  square  brackets  are  practically  obsolete. 


I  minim  ^ 

= 

0.06  c.c. 

iflga 

= 

4.0  c.c. 

2  flg 

4  fl3  (>^5) 

= 

7-5  c-c- 
15.0  c.c. 
60.0  c.c. 

4fl5 

=^ 

120.0  c.c. 

8fl5 

= 

240.0  c.c. 
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Fractions  are  written  as  common  fractions :  gr.  -^,  not 
gr.  0.1. 

Popular  Measures. — These  are  formed  of  utensils  com- 
monly found  in  the  household,  and  are,  of  course,  very 
inexact.  They  should  be  displaced  by  graduated  medicine 
glasses,  which  can  now  be  obtained  very  cheaply. 

The  usually  accepted  equivalents  of  these  measures  are  : 

I  drop  (gtt. ) 

I  teaspoon 

1  dessertspoon 

I  tablespoon 

I  wine-glass 

I  tea-cup 

I  tumbler 

I  knifepointful  (tableknife)  =  15  to  30  grs.  r=  i.o  to  2.0  Gm. 

3.  The  units  of  temperature  may  also  be  treated  in  this 
place. 

The  scientific  scale  is  the  Centigrade  or  Celsius.  In  this 
the  range  between  the  freezing-point  of  water  (0°  C.)  and 
its  boiling-point  (100°  C.)  is  divided  into  100  parts.  In 
the  Fahrenheit  scale,  in  common  use,  the  freezing-point  of 
water  is  32°  F.,  the  boiling-point  212°  F.,  and  the  range, 
therefore,  180°  F. 

Each  degree  Centigrade  therefore  =  W  =  |°  F. 
£lach  degree  Fahrenheit  =  \°  C. 

The  conversion  of  one  scale  into  the  other  may  be  done 
by  the  following  rules: 

To  convert  degrees  Centigrade  into  Fahrenheit :  multiply 
by  ^  and  add  32. 

To  convert  degrees  Fahrenheit  into  Centigrade  :  subtract 
32  and  multiply  by  ^. 

4.  The  advantages  of  the  metric  system  will  now  be 
manifest. 

1.  The  unit  is  a  final  and  natural  one,  which  can  always 
be  verified. 

2.  There  is  a  simple  relation  between  linear,  solid,  and 
liquid  measures. 

1  As  a  nutter  of  fact,  the  size  of  a  drop  varies  greatly  according  to  the  nature 
of  the  fluid  and  of  the  container;  there  may  be  from  50  to  150  to  a  flui- 
drachm. 

■Really  from  %  to  aflj. 
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3.  The  decimal  feature  determines  great  ease  in  multipli- 
cations, since  only  a  change  of  a  decimal  point  is  required 
to  change  one  denomination  into  another.  It  is  also  much 
easier  to  write  the  quantities.  ^  Calculations  involving 
specific  gravity  are  also  much  more  easily  made. 

4.  The  system  is  universally  known  and  easily  under- 
stood. 

5.  Table  I. — ^Equivalents  of  Metric  and  Common  Sys- 
tems.— 

SPACE. 


I  meter  =  39.370  inches. 

=  3  ft-  3-370  inches. 
=  1  yd.  3.370  inches. 


I  inch  =    0.0254  M.  =  2.54 

cm. 
I  ft.      =  30.227    cm. 
I  yd.    =  90.681    cm. 


CAPACITY  (United  States). 


1  c.c.  =  16.23  "L- 

I  nt     =    0.06161  c.c. 

I  L.     =  33.815  fl5. 

I  flj     =3.7  c.c. 

=     2.113  pts- 

I  flg     —  29-572  c.c. 

=    0.2641  gal. 

1  pt.     ~    0.4731  L. 

1  gal.  =    3-7848  L. 

CAPACITV 

(British). 

1  L.  ^  1.760    pints. 

1  pint      =  0.5679  L. 

=  0.2209  ga^Ilons. 

I  gallon  =  4-5435  L. 

WEK 

3HT. 

I  mg-   =       A        gr- 

1  gr.          =  64.8         mg.    = 

1  Gm.  ==  15.432      g^- 

0.064S  Gm. 

=    0.03527  oz.  Av. 

13              =4           Gm. 

=    0.03215  5  Troy. 

I  oz.  Av.  =  28.3495  Gm. 

X  Kg.   =    2.2046  lbs. 

I  g  Troy  =  31-1035  Gm. 

I  lb.          =    0.4536  Kg. 

>  Ad  exmmple  will  make  this  clearer  :  Take  40  Gm.:  in  the  United  States 
sTStem  this  must  be  written  J  j  3  ij  gr.  xvij.  Should  it  be  necessary  to  calcu- 
late five  times  this  quantity,  one  multiplication  will  suffice  with  the  metric  sys- 
tem :  5  X  40  =  200  Gm.  But  with  the  Apothecaries'  system,  the  operation 
would  be  much  more  complicated : 

5  X  3J  3y  P-  "U  =  5*  3*  g'-  •«"» 
This  matt  be  reduced : 


3'       = 

gr.  IzxKv  ^ 


^J     3iJ 

3j  gr.  XXV 


Antwr    =  Jtj  3iij  gr.  xxt 
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6.  Examples  in  Weights  and  Measures : 

X.  Express  in  S,  5,  and  grs.:   2000  grs. 

2.  **       **  gal.,  pts.,  flj,  flg,  and  iq,  :   200,000  n^,. 

3.  "      •*  yds.,  ft.,  and  inches:   200  inches. 

4.  '*      *'  Centigrade:  40°,  20°,  o'',  10°,  30**,  60**,   100'* 

and  180**,  Fahrenheit. 

5.  **      "  Fahrenheit  scale  :  40*,  20°,  o*,   10°,  30**,  60**, 

100"  and  180°  Centigrade. 

6.  *'      "  Metric  system  (a)    2  yds.,  2  feet,  and  2  inches. 

(*)  2  gals.,  2  pts.,  2  g,  2  3,  and 
2  %. 

(c)  2  lbs.,  2  ozs.,  and  2  grs.  Avoir- 
dupois. 

(a')  2  g,  2  3. and  2  ^grains Troy. 

7.  *'      "  United  States  System  (a)    2,222  M. 

(^)         22  mm. 
(c)    2,222  L. 
((/)        22  c.c. 
(tf)    2,222  Kg. 
(/)        22  mg. 
(j;-)        22  Gm. 
Use  common   fractions  for  quantities  less  than  inch,  grain, 
or  minim. 

INSTRUMENTS  AND  METHODS  OF  METROLOGY. 

7.  Weighing. — In  determining  the  weight  of  a  body,  we 
balance  the  force  which  it  exerts  by  virtue  of  its  gravity, 
against  another  known  force. 

This  is  done  by  means  of  a  balance,  or,  as  it  is  called 
when  used  for  larger  masses,  a  scale.  These  are  constructed 
on  either  the  spring  or  lever  principle. 

The  spring  balance  does  not  allow  of  any  great  accuracy, 
but  has  the  advantage  of  cheapness  and  is  very  convenient. 

The  extent  to  which  a  spring  is  stretched  by  a  given  weight 
is  determined  experimentally,  and  a  scale  constructed  in  this 
manner  (see  Fig.  14). 

The  lever  or  beam  balance  compares  the  weight  of  a  sub- 
stance with  a  known  weight  suspended  from  the  other  side 
of  the  fulcrum.  The  arms  of  the  lever  may  be  equal  (Fig. 
1 5),  when  the  weights  on  the  two  sides  must  also  be  equal 
in  order  that  they  may  balance  (equal-arm  balance).  The 
fine  scales  are  usually  constructed  on  this  principle. 

Or  the  arms  may  be  of  unequal  length,  when  the  weight 
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The  same  principle  is  used  in  the  rider  of  analytic  balances. 
The  arm  is  here  divided  into  ten  parts  ;  a  rider  of  platinum  wire 
weighing  o.oi  Gm.  can  be  shifted  along  this  arm,  and  each  di- 
vision will,  of  course,  indicate  -^  of  o.oi  Gm  =  i  milligram. 

Some  mechanical  features  in  the  construction  of  balances  deserve 
further  mention  : 

The  fulcrum  consists,  in  most  balances,  of  a  sharp  prism  of 
steel  or,  in  better  balances,  agate, — the  so-called  knife-edge, — 
supported  on  a  steel  or  agate  rest  (Fig.  17).  The  pans  are  sus- 
pended from  similar  knife-edges.  It  is  essential  that  these  three 
edges  should  be  exactly  parallel,  else  the  shifting  of  the  position 
of  the  weight  on  the  pan  will  make  a  difference. 

In  the  torsion  balance  the  fulcrum  is  formed 
^-_  by  a  tightly  stretched  wire  firmly  fixed  to  the 

'^"^^  beam  and  supporting  it.     The  movements  of 

the  latter  cause  torsion  of  the  wire.     This  avoids 
the  wearing  of  the  knife-edge. 

In  the  finer  balances  a  pointer  is  attached  to 
the  center  of  the  beam  to  facilitate  the  obser- 
vation of  its  movements.     It  is  not  necessary 
Fig.   17.— Knife-      to  wait  until  the  pointer  comes  to  rest;  balance 
******  is  secured  when  it  swings  to  the  same  extent  on 

each  side. 
Two  screws  at  the  ends  of  the  beam  permit  of  balancing  the 
two  arms.     Some  mechanism  exists  in  all  balances  for  arresting 
the  swing  of  the  beam. 

A  few  words  regarding  the  proper  care  of  a  cfumic 
balance  may  be  useful. 

It  should  be  placed  in  a  perfectly  plane  position,  on  a  solid 
table  as  little  liable  to  vibration  as  may  be  obtained.  It  should 
be  protected  against  dust  by  a  glass  case,  against  moisture  by  a 
jar  of  CaCl,,  and  against  acid  vapors  by  some  NajCO,  placed  in 
the  case.  The  temperature  of  the  room  should  not  be  subject 
to  sudden  and  large  alterations.  Substances  to  be  weighed 
should  always  be  placed  in  containers,  such  as  a  beaker  or  watch- 
glass,  never  directly  on  the  scale-pan.  The  beams  should  always 
be  put  at  rest  before  a  weight  is  changed. 

There  are  two  methods  of  weighing:  the  direct  method 
and  the  method  by  substitution. 

Direct  Weight, — In  this,  the  substance  is  placed  on  one 
pan,  and  weights  added  to  the  other  until  the  two  are 
balanced.  The  weights  employed  give  the  weight  of  the 
substance. 

Weight  by  Substitution. — In  weigliing  by  substitution  a 
given  tare  is  placed  on  one  scale-pan  and  counterbalanced 
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by  weights.  The  substance  to  be  weighed  is  then  placed 
on  iJje  side  of  the  weights  ajid  weights  rvinovcd  until  the 
two  again  balance.  The  difference  between  the  two  weigh- 
ings equals  the  weight  of  the  substance.  This  method  has 
the  advantage  over  the  toniier  that  the  beam  need  nut  swing 
perfectly  horizontal. 

Liquids  are  weighed  by  counterbalancing  (taring)  tlie 
empty  container,  placing  the  required  weight  on  the  other 
scale-pan,  and  then  adding  the  liquid  until  the  balance  is 
restored. 

8.  Measuring  is  done  in  graduated  vessels,  usually  of 
glass  ("  graduates  ").     Several  points  must  be  kept  in  mind : 


_    j,V^ 


Fip.  i8.— 


Fir    iq. — Cylio- 
dric  gradaate. 


Kiy.    JO. — Conical 
gntUuale. 


Fig.    21. — Mc*»- 
uhng  fU&lu 


The  vessel  containing  the  liquid  must  be  held  so  that  the 
level  of  the  liquid  is  in  a  peilcctly  horizontal  plane,  and  at 
the  same  heiglit  as  the  eye.  This  is  greatly  facilitated  by 
having  tlie  marks  endrclc  the  graduate.  The  possibility  of 
error  is  tl)e  greater,  the  broader  the  surface.^  Owing  to 
spillary  attraction,   the    surface  of   the    liquid  is    always 

Vupped,  producing  the  "meniscus "  (Fig.  i8).  The  read- 
ing should  be  taken  at  the  lowest  level  of  the  meniscus. 

^Mi-ashnn^  fiasks  and  *'  ^aduates"  i.  ^.,  tlie  vessels  used  for 
leasuring  larger  quantities,  are  graduated  for  contents  :  i.  **., 

*  Gicaler  accuniy  may  therefore  be  mtt«in«l  if  the  meuaring  vr»el  U  u 
auTCnr  u  pouiUe  where  the  reading  Is  Uken. 
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the  quantity  read  is  tlie  quantity  contained  In  them.  Whilst 
pipettes  and  burettes  are  jjraduated  for  outflow  ;  the  quantity 
read  is  the  quantity  which  will  flow  from  them. 

Since  the  volume  of  liquids  varies  with  the  hinperatttrc, 
readings  should  be  made  at  the  temperature  for  which  the 
measures  arc  adjusted — approximately  room  temperature. 
(More  exactly,  15°  C.  =  59°  F.) 


Fig.  32. — PipeltM. 


Fig.  33. — Uurette. 


Graduates  arc  of  two  shapes,  cyhndric  (Fig.  19)  and  conical 
(Fig.  30).  Each  has  its  advantages.  The  former,  which  is 
usualJy  employed  in  scientific  laboratoriefi,  allows  measuring  the 
liquid  with  equal  accuracy  at  all  heights.  ITie  conical  gradu- 
ate, on  the  other  hand,  allows  smaller  quantities  to  be  measured 
with  greater  acf  uracy  than  larger  ones,  and  facilitates  cleaning. 
Mea-suring  flasks  are  the  only  accurate  method  of  measuring 
large  quantities  of  liquids,  since  the  reading  part  is  ver}'  greatly 
constricted  (Kig.  22). 

For  smaller  zmo\xx\Xs  pipettes  (Fig.  22)  and  burettes  (Fig. 
23)  arc  employed. 
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To  &cilitate  the  reading  of  the  latter  Erdmann" s  float  (Fig. 
24)  is  a  very  convenient  aid.  The  reading  is  made  from  the 
mark  on  the  float.  A  cheaper  way  is  to  use  a  card  with  a  hori- 
zontal line  which  is  adjusted  to  the  lowest  part  of  the  meniscus. 

A  topic  closely  related  to  this  of  metrology  is  that  of 

9.  Specific  Gravity. — This  may  be  defined  as  the  ratio 

of  the  weight  of  a  given  substance  to   the  weight  of  an 

equal  volume  of  a  standard.     The  standard  for  liquids  or 

solids  is  (in  pharmacy)  distilled  water  at  15°  C.^  (59°  F.). 


Fig.  24. — Etdnuum's  float 


Fig.  25. — Pycnometer. 


Methods  of  Determining  Specific  Gravity. — 

In  principle,  the  weight  and  volume  of  the  substance  must  be 
determined.  Since  i  c.c.  of  the  standard  (water)  weighs  1  Gm., 
it  is  only  necessary  to  divide  the  weight  in  grams  by  the  volume 
in  c.c.  to  obtain  the  specific  gravity. 

^P-""        V{c.c.) 

The  details  must  vary  with  the  physical  nature  of  the  sub- 
stance. 

I.  Liquids. —  I.  Pycnometer  (Fig.  25). — A  flask  whose 
net  weight  is  known,  and  also  its  weight  when  filled  to  the 
mark  with  water  at  15°  C,  is  filled  with  the  liquid  whose 
specific  gravity  is  to  be  determined,  and  again  weighed. 

1  In  adeocc,  distilled  water  at  4^*  C.  is  taken  as  the   standard.     It   is 
"ilj  Decenary  to  make  any  correction  for  ordinary  phannaceutic  purposes. 
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Example : 

Weight  of  pycnometer  filled  with  water  =  56.5511 

"       '*  "  empty  =  27.0758 

"       **    water  =  29.4753 

Weight  of  pycnometer  filled  with  liquid  =  60.2476 

'*  "  =  27.0758 

"       "liquid  =33.1718 

Specific  gravity  of  liquid  ■=  33.1718  -r-  29.4753  =  11254 

This  is  the  most  accurate  method  of  determining  the 
specific  gravity  of  liquids. 

2.   By  the  loss  of  weight  of  a  solid.     A  body  immersed 


Fig.  26. — Specific  gravity  balance. 


Fig.  27. — Areometer. 


in  a  liquid  loses  the  weight  of  its  own  volume  of  the  liquid. 
The  determination  is  done  most  conveniently  with  a  specific 
gravity  balance  (Fig.  26). 

Example : 

A  50  Gm.  weight  weighs  in  distilled  water  24.36  Gm. 
Loss  of  weight  =  25.64  Gm.  =  volume  of  the  weight. 
The  same  weight  weighs  in  the  liquid  20.15  Gm. 
Loss  of  weight  =  29.85  Gm.  =  weight  of  equal  volume  of 
fluid. 

Specific  gravity  29,85  -;-  20.15  =  1.481. 

3.  Areometers  (Fig.  27). — These  are  adjusted  to  sink  in  the 
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liquid  to  the  mark  on  the  stem  cori^sponding  to  the  specific 
gravity  of  the  liquid.  They  are  not  usually  very  accurate, 
but  are  very  convenient  for  ordinary  purposes,  such  as  the 
clinical  examination  of  urine,  etc.  (urinometer).  Formerly 
they  were  graduated  in  ardBcial  scales,  but  at  present  they  are 
made  so  that  the  specific  gravity  may  be  read  off  directly. 

A  modification  of  this  method  is  used  for  determining  the 
specific  gravity  of  liquids  of  which  only  very  small  quantities  can 
be  obtained,  such  as  a  drop  of  blood.  The  blood  is  drawn 
directly  into  a  cylinder  containing  a  mixture  of  benzol  (of  low 
specific  gravity)  and  chloroform  (of  high  specific  gravity). 
More  of  the  benzol  or  of  the  chloroform  is  added,  according  to 
whether  the  drop  floats  on  the  surface  or  sinks  to  the  bottom, 
until  it  floats  about  the  middle  of  the  liquid  without  felling  or 
rising.  The  specific  gravity  of  this  mixture  is  then  determined 
with  a  urinometer  and  equals  the  specific  gravity  of  the  blood. 

II.  Solids. — These  are  weighed  in  the  usual  manner. 
The  method  used  for  the  determination  of  the  volume  must 
vary  in  different  cases. 

I.  Substances  insoluble  in  water  : 

{a)  Displacement  of  Water. — The  substance  is  added  to 
a  known  volume  of  water  and  the  amount  of  the  latter 
which  has  been  displaced  is  measured. 

Example  : 

Weight  of  substance  =  50.5  Gm. 

This  is  dropped  into  a  graduated  cylinder  containing  50  c.c. 
of  water.     The  level  of  the  water  now  stands  at  73.2.    Amount 
73-2 

of  water  displaced  =  -— ^  =  volimie  of  solid.  Specific  gravity 
:=  50.5  -?-  23.2  =  2.177. 

With  a  solid  lighter  than  water,  this  may  be  submerged 
by  the  aid  of  a  wire,  and  the  volume  occupied  by  the  latter 
subtracted. 

{p)  Loss  of  Weight  in  Water. — Since  this  is  equal  to  the 
weight  of  an  equal  volume  of  water,  the  weight  in  air 
divided  by  the  loss  of  weight  in  water  will  be  the  specific 
gravity. 

Example  : 

Weight  in  air  10.52  Gm. 

"       "  water  8.26    " 

Loss  of       "       '*     *'  2.26    '*   volume  of  solid. 

Specific  gravity  =  10.52  -5-  2.26  :=  4-655. 
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In  case  the  substance  is  lighter  than  water,  a  weight  must 
be  attached  to  it  as  a  sinker,  and  correction  made  for  this. 

Weight  of  sinker  =  20  Gm. 

'*      "     "  in  water  =  16    " 

Volume  of  sinker  ^20  —  16  =    4    *' 

Weight  of  substance  =^  10    " 

"      "         **         +  sinker  =30    '• 

"      *'         "         -f     •*     in  water  =  zi    *• 
Volume  of  substance  +  sinker  ^30  —  11  =  19  c.c. 
*•       "   sinker  =    4  " 

*'       "   substance  ^  15  " 

Specific  gravity  =  10  -7-  15  =  0.667. 

(c)  With  powders  the  amount  of  water  displaced  by  a  cer- 
tain weight  of  the  powder  is  estimated  with  a  pycnometer. 

Weight  of  pycnometer  containing  some  of  the  dry 

powder  :=  20  Gm. 

"        "  "  =:  I C     '* 

"       "   dry  powder  =    5    " 

The  pycnometer  containing  the  powder  is  now  filled  up 
with  water  to  the  mark  ; 

Weight  of  pycnometer  containing  powder  and  water  :=  42  Gm. 

"      "    powder  and  water  =27    " 

(<      <<  <<  ^_    >    It 

*'      "    water  ="22    " 

Capacity  of  pycnometer  ^  25  Gm. 

Amount  of  water  displaced  by  powder  =25  —  22^3  Gm. 
=  volume  of  powder. 

Specific  gravity  =5  -5-3:=  1.667. 

2.  If  the  substance  is  soluble  in  water,  its  volume  must 
be  determined  by  substituting  some  liquid  in  which  it  is  in- 
soluble for  the  water  in  the  above  methods.  The  figure  so 
obtained,  multiplied  by  the  specific  gravity  of  the  liquid 
used,  gives  the  specific  gravity  of  the  solid. 

The  specific  gravity  is  of  use  in  calculating  the  weight  or 
volume  of  substances  : 

To  determine  the  weight  of  a  given  volume  of  a  sub- 
stance, multiply  this  volume  by  the  specific  gravity:  weight 
=  volume  X  specific  gravity. 

To  determine  the  volume  of  a  given  weight,  divide  the 

weight 


weight  by  the  specific  gravity :  volume  = 


specific  gravity 
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A  term  which  is  sometimes  used  is  the  ^*  specific  vol- 
ume" the  volume  of  a  substance  compared  with  the  volume 
of  the  same  weight  of  the  standard.    It  is  the  reciprocal  of 

the  specific  gravity  ;   specific  volume  =  specific  gravity* 

Examples  in  specific  gravity : 

1.  What  is  the  Sp.  G.  of  a  liquid  which  measures  20  c.c.  and 
weighs  46.5  Gra.? 

2.  What  is  the  Sp.  G.  of  a  liquid  which  measures  iS  c.c.  and 
weighs  14.3  Gm.? 

3.  What  is  the  Sp.  G.  of  a  liquid  which  measures  i  fl.^  ^Lnd 
weighs  212  gr.? 

4.  A  sinker  weighs  in  the  air  7.46  Gm.;  in  a  liquid,  4.25 
Gm. ;  in  water,  6.066  Gm.  What  is  the  Sp.  G.  (a)  of  the 
liquid  ?  {d)  of  the  sinker  ? 

5.  A  sinker  weighs  in  the  air  12.46  Gm.;  in  ether  (Sp.  G.  = 
0.725)  it  weighs  11. 15  Gm.  What  is  the  specific  gravity  of  the 
sinker  ? 

6.  What  is  the  weight  (Troy  system)  of  i  fl.5  of  (a)  gly- 
cerin (Sp.  G.  1.250)?  (^)  olive  oil  (Sp.  G.  0.915)?  What  is 
the  volume  (wine  measure)  of  i  3  Troy  of  (f)  chloroform  (Sp. 
G.  1.490)?  {d)  aq.  ammonia  fort.  (Sp.  G.  0.901)? 

7.  What  is  the  specific  volume  of  these  four  liquids? 


CHAPTER  III. 
PHARMACEUTIC  METHODS. 

In  the  making  of  pharmaceutic  products  very  different 
methods  must  be  used,  depending  upon  the  physical  and 
chemic  nature  of  the  crude  drug,  and  upon  the  character  of 
the  desired  product. 

These  may  be  roughly  classified  into  those  used  in  the 
making  of  many  different  preparations, — general  methods, — 
and  those  used  in  only  a  very  limited  number  of  cases — 
special  methods. 

The  methods  can  be  best  understood  when  studied  in  the 
order  in  which  they  are  usually  applied  to  the  drug.  The 
following  table  presents  the  subject  in  schematic  form  : 
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TABLE  U— PHARMACEUTIC  PROCESSES. 

I.  Preparatory: 
Desiccation. 

Comminution :    Cutting,    rasping,   grinding,    pounding, 
trituration,  levigation. 

II.  Extraction  (Heat  Solution,  Pressure): 

1.  Heat:  Distillation,  sublimation. 

2.  Extraction  by  solution  :  Maceration  proper  (digestion, 
infusion,  decoction),  percolation, 

3.  Pressure. 

III.  Other  General  Pharmaceutic  Processes: 

Requiring  heat :    Evaporation,  torrefaction,   carboniza- 
tion, ignition  (incineration  or  calcination),  fusion. 
Decantation. 
Expression. 
Colation. 
Filtration. 
Clarification. 
Dialysis. 
Solution. 
Crystallization. 
Decolorization. 
Preservation. 

IV.  Special  Processes. 

I.  PREPARATORY  PROCESSES. 

Desiccation  or  Drying. — This  is  usually  the  first  opera- 
tion to  vifhich  the  crude  drugs  are  subjected  after  their  col- 
lection. It  serves  a  threefold  purpose :  It  reduces  the  bulk, 
assists  preservation,  and  facilitates  comminution. 

Formerly  the  drying  was  done  by  spreading  or  hanging  the 
drugs  in  airy  lofts.  At  present  they  are  usually  placed  on  per- 
forated trays  in  special  drying  closets  and  heated  artificially 
(steam,  etc.).  They  are  often  cut  into  smaller  pieces  before 
this  drying.  The  degree  of  heat  must  not  be  so  high  as  to  in- 
jure the  sometimes  very  unstable  ingredients. 

Comminution. — ^The  next  step  is  comminution,  or  re- 
ducing of  the  substance  to  smaller  pieces. 

This  is  usually  done  by  machinery.  Crude  vegetable  drugs 
are  first  sliced  or  chopped,  often  before  drying.  They  are 
then  bruised  by  pounding  in  a  mortar  and  finally  ground,  the 
finer  grades  of  powders  often  several  times,  the  grinding  sur- 
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faces  being  brought  closer  together  eat;h  time.  The  mills  for 
this  purpose  are  constructed  on  the  lume  general  principles  as 
flouring  mills,  employing  stones,  rollers,  etc.  The  details  of  the 
process  used  depend  upon  the  ph>*sical  character  of  the  drug.  A 
fibrous  material  like  licorice  root  rctjuircs  a  different  process 
from  a  friable  substance  like  gum  acaua. 

On  the  small  scale,  dnig  mills,  ronstnicted  more  or  less  on 
the  principle  of  the  coffee-mill,  are  used  for  fibrous,  and  mortar 
and  [>estle  for  friable  drugs.  Mortars  are  made  of  iron,  wedge- 
wood,  porcelain,  and  glass.     (Fig.  j8,) 


Tig-  zS. — Murlan:  a,  VJedgeWitod  or  porcelain  ;  i,  iron. 

Trituration  is  the  process  of  rubbing  (not  pounding)  a 
substance  to  a  powder  in  a  mortar. 

Some  points  deserve  special  mention.  Often  a  .substance  will 
BOt  powder  by  itself,  but  will  do  so  when  mixed  with  another 
substance — f.  g.,  sugar  of  milk,  lliis  is  called  "pulverization 
by  intervention."  Sometimes  it  is  well  to  moisten  the  drug — 
c.  g.^  camphor  with  alcohol,  nux  vomica  with  steam,  etc. 

The  powders  so  obtained  are  classified  according  to  the  de- 
grees of  finenes-s.  In  the  process  of  percolation,  presently  to 
be  described,  it  is  often  essential  to  use  a  powder  of  a  certain 
degree  of  fineness.  The  powders  are  therefore  sifted,  and  are 
classified  according  to  the  size  of  the  meshes  of  the  sieve 
through  which  they  pass,  thus  : 

No.  80  =  80  meshes  to  linear  inch,  very  fine. 

*«     60  =  60       '        "      fine. 

"     en  ^=  moderately  fine. 
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coarse. 


Since  the  different  structures  in  a  crude  drug  do  not  powder 
vitb  equal  readiness,  it  is  essential  that  the  whole  of  the  drug  to 
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be  powdered  should  be  passed  through  the  sieve^  else  the  differ- 
ent portions  will  not  have  the  same  composition. 

To  obtain  very  fine  powders  of  an  insoluble  substance,  it  may 
be  ieifigated.^  The  process  of  decanlation  {elutriaHoh)  is  also 
employed  to  separate  very  fine  powders,  as  chalk. 


II.  PROCESSES  OF  SEPARATION. 

For  the  separation  of  the  desired  ingredients  from  the 
inert  material  three  methods  are  in  vogue,  depending  upon 
the  nature  of  the  active  constituents.  If  volatile  constitu- 
ents are  to  be  separated,  this  may  be  readily  done  by  the 
application  of  heat — distillation  and  sublimation.  If  they 
are  fixed,  the  separation  is  usually  effected  by  exposint;  the 
drug  to  the  action  of  some  solvent  in  which  the  desired  prin- 
ciples are  soluble,  and  the  rest,  as  far  as  may  be.  are  insol- 
uble. In  certain  cases  some  mechanical  means  are  suffi- 
cient, as  in  the  separation  of  fixed  oils  from  seeds,  etc.,  by 
pressure. 

Separation  by  Means  of  Heat. — This  may  be  done 
whenever  the  substances  to  be  separated  liave  a  diflerent 
boiling-point,  and  are  not  themselves  destroyed  by  tlie 
necessary  degree  of  heat.  The  methods  used  must  vary 
according  to  whether  the  fixed  or  the  volatile  portion  is  de- 
sired, and,  if  the  latter,  according  to  whether  it  is  liquid  or 
solid. 

METHODS  OF  SEPARATION  BY  HEAT. 

Residue  desired  : 

This  is  Solid:  Desiccation,  lorrefaction,  carbonization,  igni- 
tion. 

This  is  Solid  or  Liquid  :   Evaporation. 
Vaporized  portion  desired : 

This  is  Solid  :   Sublimation. 

Liquid  :  Distillation  (simple,  fractional  or  destructive). 

Desiccation,   Torrefaction,    Carbonization,    Ignition. — 

With  all  these,  the  object  is  to  drive  olT  some  volatile 
constituent  from  a  solid,  the  fixed  residue  being  the  portion 
desired. 

When  the  heat  employed  is  of  such  degree  as  not  to 
change  the  chemic  composition,  the  process  is  spoken  of  as 
desiccatioft.     This  has  been  partly  discussed  on  page  46. 

*  Made  intotthkk  pitMe  wiifa  water  and  rubbed  hetire«n  in-n  poJiiihefl  slabs. 
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For  some  purposes  it  is  necessary  to  modify  this  process.  If 
the  last  traces  of  moisture  are  to  be  removed,  it  is  necessary  to 
employ  heat  above  that  of  boiling  water,  say  no**  to  120"  C, 
and  the  heating  must  be  continued  for  some  time.  When  such 
heat  is  injurious  to  the  substance,  the  same  object  may  be  accom- 
plished by  drying  in  vacuo  (p.  51)  or  by  placing  the  substance 
in  a  desiccator  (Fig.  29)  over  some  hygroscopic  substance — 
CaCl,,  or  preferably,  concentrated  sulphuric  acid.  A  substance 
or  vessel  which  has  been  heated  and  which  is  to  be  weighed 
must  always  be  placed  in  a  desiccator  to  cool,  since  moisture  is 
very  rapidly  attracted  from  the  atmosphere. 

Torref action. — The  process  of  roasting ;  the  object  being 
to   employ  such  a  degree  of  heat  as  will  alter  some  of  the 


Fig.  29. — Desiccator.  Fig.  30. — Constant  level  water-bBth, 

constituents  without  affecting  others.  The  roasting  of  coffee 
is  a  familiar  example. 

Carbonization. — The  heating  of  organic  substances  under 
exclusion  of  air.  The  object  is  to  destroy  the  chemic 
composition  without  oxidation  ;  carbon  results  in  the  pro- 
cess (vegetable  or  animal  charcoal). 

Ignition. — This  is  the  process  of  strongly  heating  a  sub- 
stance, usually  in  a  crucible,  with  full  access  of  air,  so  as  to 
effect  complete  oxidation  ;  nothing  but  the  ashes  remain. 

These  methods  are  discussed  in  text-books  on  analytic 
chemistry. 

Evaporation  consists  in  vaporizing  the  solvent  from  a 
solution,  the  object  being  the  concentration  of  the  dissolved 
substance. 

Since  the  rapidity  of  the  evaporation,  aside  from  the  quantity 
of  heat  applied,  depends  upon  the  extent  of  the  liquid  exposed 
to  the  air  and  to  the  heat,  dishes  as  flat  as  possible  are  chosen. 
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For  ordinary  pharmaceutic  and  chemic  purposes,  those  made  of 
porcelain  are  of  most  frequent  service.  Vessels  made  of  glass, 
iron,  platinum,  etc.,  find  application  in  special  cases.  The  heat 
may  be  applied  directly,  say  by  means  of  a  Bunsen  flame,  only 
a  piece  of  wire  gauze  or  a  plate  of  asbestos  or  iron  being  inter- 
posed. This  method  can  be  used  only  when  there  is  no  danger 
of  injuring  the  solution  by  excessive  heat,  either  the  substance 
being  incapable  of  change,  or  the  solvent  sufficient  in  amount  so 
that  the  temperature  cannot  rise  much  beyond  its  boiling-point. 
If  this  is  not  the  case,  some  method  must  be  used  of  regulating 
the  amount  of  heat  applied,  and  this  is  done  by  applying  the 


J"ig.  31. — Thermo- 
regulator. 


Fig.  32. — Apparatus  for  evaporation  in  a  vacuum 
with  current  of  dry  air. 


heat  indirectly  through  a  bath.     This  consists  of  an  outer  vessel 
filled  with  water  (steam),  oil,  sand,  or  air. 

The  water  and  oil  baths  can,  of  course,  be  used  only  for  tem- 
peratures below  the  boiling-point  of  these  liquids.  This  is 
rather  higher  for  oils,  but  these  possess  the  disadvantage  that 
irritating  vapors  arise  from  them.  On  the  other  hand,  oil  does 
not  evaporate  as  does  water.  Water-baths  require  constant  at- 
tention to  prevent  them  from  drying.  Constant  level  water- 
baths  have  been  devised  to  obviate  this  difficulty.  They  are 
constructed  either  on  the  principle  of  Mariotte's  bottle,  or  by 
passing  a  continuous  stream  of  water  through  the  outer  vessels. 

(Fig-  30-) 
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Steam  is  sometimes  used  instead  of  water. 

Air-  and  sand-baths  are  capable  of  regulation  at  any  tempera- 
turc  The  latter,  however,  are  frctiut-ntly  used  merely  for  the 
purpose  of  moderating  and  C({ualizing  the  heat.  Air-baths  may 
be  improvised  by  covering  a  tin  pan  with  a  sheet  of  iron.  A 
much  better  method  is  by  means  of  an  oven,  which  may  be  cov- 
ered with  asbestos. 

For  keeping  the  temperatures  of  air  and  water  ovens  con- 
stant, various  thcrmorcgiUators  are  used  of  which  figure  31  is  an 
example. 

The  rapidity  of  evaporation  may  be  ronsiderably  increased 
by  stirring,  thus  exposing  a  constantly  renewed  surface  to  the 
air.     The  same  object  may  be  secured  by  creating  a  cturent 


'Air 


Fig.  "^ — ^INiDciple  of  filter-pump. 


lig,  j4, — -Sublimaiion  of  benzoic  acid 
(Cobienizi. 


after  the  manner  of  a  smokestack,  by  supporting  an  inveriid 
fuHHei o\cx  the  evaporating  dish. 

Id  cases  where  the  evai>oraiion  must  be  carried  on  at  a  tem- 
pcniurc  below  the  boiling-point  of  the  solvent,  this  may  be  done 
either  by  evaporation  over  H,SO^,  or  in  a  vacuum,  or  by  {Kissing 
a  current  of  dried  air  through  the  )i(|uid.  Figure  32  shows  an 
apfKiratus  for  the  evapomtion  of  liquid  at  low  temperature,  com- 
bining vacuum  and  fine  stream  of  dried  air.  The  tube  which 
ca.rries  the  air  must  have  a  fine  capillary  opening,  Figiire  ^^ 
shows  the  principle  of  the  ordinary  water  filter-pump  used  to  pro- 
duce the  vacuum. 

'fhe  evaporation  which  occurs  from  the  surface  of  a  liquid 
exposed  to  air  at  ordinary  temperature  is  called  "  surface  evapo- 
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ration.**     It  varies  in  quantity  with  the  amount  of  surface  ex- 
posed and  with  the  temperature  and  dryness  of  the  air. 

When  very  inflammable  liquids  (ether)  are  being  evaporated, 
this  should  be  done  on  a  large  water-bath,  and  the  Bunsen  flame 
should  be  protected  by  wire  gauze. 

Sublimation. — The  process  of  separating  a  volatile  from 
a  non-volatile  solid. 

(The  diffierence  between  sublimation  and  distillation  consists 
in  this,  that  the  product  is  solid  in  the  former,  liquid  in  the 
latter. ) 

This  may  be  done  in  a  distilling  apparatus,  provided  that  the 
cooling  tube  has  sufficient  lumen  to  prevent  its  clogging  by  the 
condensation  of  the  sublimate.  The  apparatus  is,  however, 
usually  modified.  A  simple  illustration  of  this  process  is  the 
old  method  of  manufacturing  benzoic  acid  from  gum  benzoin,  a 
paper  hood  being  used  as  condenser.      (Fig.  34.) 

Distillation.  1 — The  typical  apparatus  used  for  distillation 

consists  of  three  parts  (Figs.  35  and  36)  : 

The  stili,  the  vessel  in  which  the  vapor  is  generated. 

The  condenser^  the  apparatus  in  which  the  vapor  is 
cooled. 

The  receiver^  for  receiving  the  condensed  product. 

The  Still. — This  consists  of  either  a  retort,  an  alembic, 
or  a  flask. 

The  retort  is  illustrated  in  figure  37.  The  bend  at  X  should  go 
as  far  as  possible  inward,  so  as  to  prevent  the  carrying  over  of 
litiuid.  In  filling  a  retort,  care  must  be  used  not  to  get  any 
liquid  in  the  neck.  A  funnel  with  a  long  tube  attached  must 
therefore  be  used.  An  opening  (tubulure)  at  a  is  convenient  for 
filling  and  for  holding  a  thermometer. 

The  alembic  is  the  old-time  still,  and  differs  from  the  retort  in 
having  a  chamber  { helm  or  hood)  where  the  vapor  is  partly  con- 
densed. By  fitting  the  helm  on  the  body  with  a  flange  joint  a 
very  wide  opening  can  be  secured,  which  is  of  use  in  cleaning. 

Flasks  with  perforated  corks  answer  for  most  purposes.  The 
cork  should  contain  two  holes,  to  allow  the  introduction  of  a 
thermometer.  To  prevent  the  projection  of  liquid  into  the  de- 
livery tube  during  too  violent  boiling,  the  upright  limb  can  be 
expanded  into  a  bulb. 

*  Although  this  is  such  a  ready  and  simple  means  of  separatioD  that  one 
would  think  that  it  must  have  been  discovered  at  a  very  early  time,  such  does 
not  appear  to  have  been  the  case  We  find  the  first  record  of  it  in  the  writ- 
ings of  the  fourth  century  alchemists. 
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Liquids  in  contact  with  very  smooth  surfaces — i.  e. ,  in  glass 
vessels — ^may  be  heated  to  a  temperature  considerably  above 
their  "  boiling-point/*  when  the  vapor  is  suddenly  disengaged, 
and  causes  *' tumping.**  This  may  be  avoided  by  introducing 
some  irregular  bodies  into  the  flask — glass,  zinc,  pumicestone, 
platinum  wire,  etc.,  according  to  the  nature  of  the  liquid. 


f'g-  35  — Still,  Liebig's  condenser,  and  receiver. 


Fig.  36. — Still,  worm  txtndeaser,  and  receiver. 

Tkt  Condenser, — The  object  of  this  apparatus  is  to  cool 
and  consequently  condense  the  vapors  which  have  been 
formed  in  the  heated  still. 

With  substances  having  a  very  high  boiling-point,  above 
150*  C,  the  air  alone  may  be  sufficient  to  effect  condensation. 
With  most  substances,  however,  a  constantly  renewed  layer  of 
cold  water  is  necessary. 
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The  form  of  rondcnser  which  is  most  used  in  laboratories  on 
account  of  its  convenience  is  the  JLiedigs  (Fig.  35). 

The  W9rm  offers  a  larger  surface  (Fig,  36). 

As  receiver,  a  common  flask  or  beaker  is  ordinarily  used.* 

The  heating  of  the  retort  may  be  done  in  any  of  the  ways 
mentioned  under  evaporation.  With  substances  whirh  are  in- 
jured by  being  heated  alone,  the  distillation  is  done  by  a  current 
of  steam  generated  in  another  vessel. 

Fractional  dislillation  is  the  process  of  separating  a  mix- 
ture of  liquids  of  dificrent  boiling-points  by  distillation. 

This  cannot  be  done  with  any  degree  of  completeness  unless 
the  boiling-points  lie  far  ajxirt.     The  separation,  however,  will 
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Fig.  37.— Filling  a  retoit. 


Fig.  38.— FracUfma]  dlstilladoo  flssk. 


be  the  more  complete,  the  more  exactly  the  temperature  can  be 
0ti*crved  and  controlled.  'I"he  thermonieter-Uuib  must  be  ad- 
justed at  the  level  where  the  vapors  leave  the  flask.  This  is 
facilitated  by  using  "fractional  distillation  flasks"  (Fig.  38). 

DcstrucHir  distUiation  is  the  name  applied  to  the  process 
of  heating  a  substance  so  strongly  as  to  decompose  it,  and 
collecting  the  volatile  products  arising  from  this  decom- 
position :  /.  (•.,  in  the  case  of  organic  bodies,  tar. 

This  is  ordinarily  done  in  iron  retorts. 

Solution. — Tliis  consists  of  incorporating  a  solid  into  a 
liquitl  in  a  state  of  "molecular  subdivision." 

That  is,  the  molecules  of  the  solid  diffuse  themselves  in  the 
liquid  and  become  so  widely  separated  that  no  solid  particles  arc 

'  It  would  be  without  ihe  »coi»  nf  this  trratis.c  (r»  ciiler  inlo  Ihc  method  of 
gtass-blowiiifi.  cork-t>(»rin^.  etc.,  which  nre  needed  in  fitting  up  a  still.  Such 
will  be  found  in  inoM  elemeninry  lext-books  on  chemiMry. 


SOLin-ION. 


55 


.tl 


by  any  means  discernible.     In  other  words,  the  solid  is  liquefied 
and  iu  molecules  iniemiingle  with  lho^*e  of  the  solvent. 

A  simple  solution  is  one  occurring  in  the  manner  dcscril>ed, 
the  change  in  the  solid  being  physical.  When  a  chemic  change 
takes  place,  the  prcnress  is  called  <hemic  solution  (such  as  the 
sotution  of  a  metal  in  an  acid). 

A  solvent  is  capable,  under  given  conditions,  of  dissolving  but 
a  limited  aniuunt  ofa  given  solid.  A  solution  which  contains  as 
much  of  the  solid  as  the  liquid  c-an  dissolve  under  these  con- 
ditions is  culled  a  stiturafed  solution.  The  con<lilion  which  has 
the  greatest  influence  upon  solubility  is  the  temperature.  A 
liipiid  »an  usually  dis.solve  the  more  of  the  solid,  the  higher 
the  tcmf>eralurc.  Ihcre  are,  however,  a  few 
exceptions  to  this  rule. 

If  a  solution  saturated  at  a  high  temper- 
ature is  allowed  to  cool,  the  originally 
dissolved  substance  will  l>e  in  excess  of 
saturation.  lender  certain  conditions  it 
may  still  remain  in  solution  at  the  lower 
temperature,  this  being  a  supersaturated 
solution.  i  )rdinarily,  however,  the  excess 
will  sepaniie,  usually  in  crystalline  form. 
This  process  is  tailed  crystalli%ation.  It  is 
frequently  ased  as  a  means  of  purification. 

.\  solution  which  contains  less  of  the  solid 
than  it  is  callable  of  dissolving  is  an  unsatur- 
ated solution.  A  solution  which  is  saturated 
with  one  substance  is  still  ca{)able  of  dissolv- 
ing others,  though  not  as  much  as  if  it  were 
the  pure  solvent. 

i?obiiion  is  effected  by  placing  the  .solvent  in  contact  with  the 
substance  to  be  dissolved.  The  pro<ess  nmy  be  hastened  by  ap- 
plying heal,  or  by  exposing  the  largest  possible  surface  to  the 
action  of  the  solvent.  The  latter  may  be  done  by  using  the  sub- 
stance in  a  pulverized  condition,  and  by  constant  stirring.  With 
(ireulatory  solution  the  substance  is  susjiended  near  the  surface 
of  the  solvent.  .\s  this  takes  up  the  suljstancc,  it  gains  in  st>ecific 
gravity,  and  hence  sinks  to  the  bottom,  a  new  portion  of  liquid 
■king  its  plac;c.  (Fig.  ^9.)  The  same  object  may  lie  secured 
_by  a  process  analogous  to  percolation,  the  powder  being  placed 
in  a  funnel  p.irtly  occluded  by  a  pledget  of  cotton,  etc.,  and  the 
fiolvcnt  allowed  to  percolate  through  it. 

The  simple  solution  of  a  sul>stance  always  causes  a  depression 
of  lemiK'rature.  But  if  a  cheraic  change  occurs,  the  temperature 
may  be  raised. 

The  process  of  solution  applied  to  crude  drugs  has  for  its  pur- 
pose the  separation  of  the  active  ingredients  from  the  insoluble 


Fig.  39. — Circulaiory 
scrfution. 
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ineri  material.  The  object  is  to  dissolve  out  the  greatest  possible 
amount  with  the  least  passible  mensinium.  This  accomplishes 
two  resulLs ;  We  obtain  a  strong  extract,  and  we  waste  neither 
dnig  nor  menstruum.  There  are  a  niimher  of  methods  of  ac- 
complishing this,  each  with  its  advocates.  They  arc  conibina- 
lions  of  two  extremes :  maceration  and  percolation.  Neither  of 
these  is  commonly  used  alone  in  this  country,  the  practice  being 
to  combine  the  two. 

Maceration  is  by  far  the  sitnpler  process.  It  consists  in 
simply  leaving  the  solvent  in  contact  witli  the  drug  under 
suitable  conditions  for  a  sufficient  length  of  time. 

When  maceration  alone  is  employed,  a  given  quantity  of  the 
drug  is  put  in  a  bottle  or  other  suitable  vessel  with  a  definite  pro- 
portion of  the  solvent  (<alled  menstruum)  and  left  a  ccriain  time, 
usually  two  weeks.  The  liquid  is  then  strained  off,  the  residue 
(marc)  is  expressetl  and  the  mixed  extract  filtered.  'I"he details 
of  the  process  are  influenced  by  several  considerations  : 

(a)  The  degree  of  romniinution  of  the  dmg  :  The  finer  the 
drug,  the  less  time  will  be  requireii,  and  sometimes  it  is  im- 
possible to  get  thorough  i>enctraiion  unless  the  dnig  is  powdered. 

A  coarse  powder  gives  a  cleaner  solution. 

(6)  Temperature  :  The  solution  is  the  quicker,  the  higher  the 
temperature.  Different  names  are  given  to  the  process  accord- 
ing to  the  temperature  at  which  it  is  carried  out.  Maceration 
proper  =  room  temperature  ;  30*  to  40°  C.  ^^  digestion  ;  boiling 
.^  decoction.  Possible  injury  to  some  consiituenLs  by  heal,  or 
evaporation  of  a  constituent  or  of  the  solvent,  are  objections  to 
the  application  of  heat  in  certain  cases. 

(f)  Time  :   the  longer  the  l>etler. 

((/)  Menstruum.  This  must  lie  adapted  to  the  drug.  Resins, 
oils,  etc.,  require  other  solvents  than  do  gums,  etc.  (Sec  p.  59.) 
A  combination  of  solvents  may  sometimes  l>c  used. 

This  process  of  maceration  is  the  one  almost  exclusively  cm- 
ployed  in  Europe  ;  and  it  offers  certain  advantages,  not  the  least 
being  its  simplicity  and  the  constant  resulti  which  it  gives.  Its 
main  disadvantages  are  the  required  time  and  the  loss  of  the 
extract  retained  in  the  insoluble  residue  or  "wmr/-."  Certain 
drugs  are  ph)-sically  unfit  for  percolation,  since  the  moistening 
causes  them  to  form  into  a  tough  mass,  as  good  as  impenetrable 
to  the  solvent. 

The  loss  of  menstruum  does  not,  of  course,  weigh  when  an 
aqueous  solvent  is  u.sed  and  only  small  quantities  arc  prepared. 
Hence  maceration  is  used  in  making  infusions  and  decoctions. 

Infusiofis  are  made  by  pouring  boiling  water  upon  the 
dt^g  (in  coarse  powder),  letting  it  stand  for  half  an  hour. 
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and  straining.  The  usual  projjorlion  is  I  :  20.  In  dccoc- 
tiims,  the  drug  is  boiled  for  a  quarter  of  an  hour  in  a  cov- 
ered vessel  with  water  (i  :  20),  allowed  to  cool,  strained, 
and  diluted  to  20.  These  preparatinns  do  not  keep.  To 
secure  preservation,  acetic  acid,  glycerin,  sugar,  or,  most 
commonly,  alcohol  is  added.' 

Percolation  consists  in  passing  a  solvent  through  a  thick 
layer  of  the  powder  to  be  exhausted.  This  exposes  a  large 
surface  of  the  latter  ;  the  nearly  saturated  solvent  flows  ofT 
and  fresh  unsaturatctl  portions  continuously  replace  it,  insur- 
ing very  rapid  solution.^ 

The  principle  of  the  method  is  to  pack  the  powder  into  a 
tall  vessel,  with  an  opening  at  the  bottom,  and  to  let  the 
solvent  trickle  tlirough  it.  I'sually  the  process  is  combined 
with  a  short  pri;vious  maceration. 

The  details  are  as  follows ; 

The  powder  (the  fineness  of  which  depends  upon  the  nature 
of  the  drug  and  is  directed  for  each  i:^^  by  the  Pharriacopttia) 
is  moistened  in  a  jar  with  some  of  the  menstruum,  This 
moistening  is  for  the  purpose  of  sweiling  the  drug,  for  if  this  took 
place  in  the  percolator,  the  tirug  would  J)c<ome  so  firmly  im- 
pacted that  the  luenstruuni  could  not  penetrate  through  it ;  or  it 
could  even  luirsl  the  percolator. 

The  choice  of  the  shape  of  the  percolator  depends  upon  the 

nature  of  the  drug.     Should  the  drugs  have  a  tendency  to  swell, 

;  parlirularly  if  they  arc  in  fine  powder  or  if  weak  alcohol  nien- 

[struum  is  used,  a  conical   percolator  is  employed;    otherwise, 

[  the  cylindrical.     The  size  corresponds  to  the  quantity  of  the 

powder. 

The  percolator  is  prepared  In  the  following  manner  (  Fig.  40) : 

Into  the  $null  end  there  is  insertctl  a  cork  perforated  by  a  short 

!  glass  tube  which  projects  about  i  cm.  inside  the  percolator.    The 

ouier  end  of  this  tube  is  attached   to  a  piece  of  nihlier  tubing, 

altout   one-fourth    longer   than    the  percolator,  and   this   to  a 

I  U -shaped  glass  tube.     This  is  held  to  the  percolator  by  a  rubber 

The  Ainnunt  of  pre»en-ative  wliJch  mu^t  be  ntliicd  lo  a  preparation  to  in- 
Mire  ill  het;pio|;  qu»]itici>,  roust  varj*  with  its  nauirc,  and  m  tlic  ^mc  dircc- 

I  Ikin  ■«  ihe  amount  of  •*  rxlractive.' '     The  proportions  generally  necessary  arc  ; 

I  Alcohol,  20  1035  <(:  gtyceriD,  tO'Y;  sugar,  66  On.  to  loo  c.c.  of  Bnishctl  pro* 

I  dud.     Alc(4io|  M$  -f  glycerin  5^. 

•  The  U.  S.  Pharmacop'Kin  defines  percnlation  as  consisting  in  **  suhjectir^ 
a  iiib<((ancr  or  a  mixnire  of  snbsiances,  in  powder,  contalneii  in  a  vessel  called 
•  penolalor,  to  the  solvent  acijan  uf  successive  |Xiitioiis  of  a  certain  men- 
Mntun.  in  **vi\\  a  mnnner  that  ilir  liquid,  a^  it  traverws  the  powder  in  iu  de- 
■omt  to  the  rrreiver.  Hluttl  lie  ch.iryed  with  the  soluble  portion  of  ll,  and  pass 

I  from  ibc  pcrculatoi  fiee  fiuin  iiiMjluble  nmUcr." 
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band  in  such  a  way  that  it  can  be  raised  and  lowered.  The  per- 
colator is  then  set  in  the  st:ind.  A  pledget  of  absorbent  cotton 
is  loosely  packed  in  the  neck  of  the  percolator,  and  this  is  cov- 
ered by  a  layer  of  clean  sand,  and  over  this  goes  a  well-fitting 
disk  of  filtcr-pa]>cr,  'Hien  the  moistened  dnig  is  pressed  in — and 
this  is  the  |>art  of  the  process  which  requires  the  greatest  skill 
and  judgment,  and  on  it  depends  the  success  of  the  product.  It 
should  be  done  very  evenly,  else  the  menstruum  will  choose  the 
path  of  least  resistance  and  some  portions  of  the  powder  will  be 
entirely  exhausted  whilst  others  are  siill  scarcely  affected.  The 
firmness  of  the  parking  is  also  of  great  importance  :  if  not  firm 
enough,  the  menstruum  will  nm  through  too  rapidly  and  the  per- 
colate will  consequently  be  weak.  If  too  firm,  it  can  not  run  at 
all  ;  and  if  any  swelling  occurs,  the  percolator  will  be  broken. 
Drugs  in  coarse  powder  should  be  ]>acked  more  firmly  than  fme 
powders.  An  alcoholic  menstruum  re- 
quires firmer  packing  than  a  water)' one. 
Beyond  these,  very  few  rules  can  be 
given,  experience  being  in  many  cases 
the  only  guide. 

The  packing  being  completed,  the 
mcastruum  is  poured  on  until  it  stands 
an  inch  or  two  above  the  drug  ;  the 
percolator  is  then  covered  and  set  aside 
for  tuaceration  for  a  specified  time,  the 
tube  being  mised  so  that  no  liquid 
flows  out.  When  the  time  of  macer- 
ation is  completed,  the  tube  is  lowered 
and  fi.xcd  a(  suth  a  level  thai  the  out- 
flow occurs  at  the  rale  of  lo  to  jo  dro|)s 
per  minute.  New  menstruum  is  poured 
on  in  the  measure  that  ihe  old  flows  out.  Care  should 
be  taken  to  always  maintain  the  layer  of  liquid  above  the 
powder ;  else  cracks  may  appear  in  the  latter,  necessitating 
refiacking. 

The  process  is  continued,  in  the  case  of  tinctures,  until  a  cer- 
tain volume  of  percolate  is  obtained.  The  quality  of  the  per- 
colate will,  of  course,  depend  upon  the  care  and  .skill  of  the 
operator,  and  the  product  is  apt  to  var>'.  Maceration  would, 
therefore,  l*  a  better  process  for  tinctures. 

This  difficulty  is  avoided  in  the  case  of  extracts,  for  here  the 
percolation  is  continued  "until  the  drug  is  exhausted";  /.  /., 
until  the  active  ingredients  have  become  completely  dissolved 
out.  This  is  recognized  by  testing  the  last  portions  of  the  per- 
colate in  the  appropriate  manner,  such  as  Meyer's  reagent  for 
alkaloids,  water  for  resins,  etc.  It  may  here  be  remarked  that  a 
drug  is  usually  more  rapidly  exhausted  of  its  active  ingredients 


Hg.  40.  —  Method  of  perco- 
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than  of  its  coloring-iiiatter,  so  that  the  last  portions  of  perco- 
late may  be  colored  and  yet  devoid  of  acliviiy. 

The  choice  of  a  menstruum  miLst  be  determined  by  the  nature 
of  the  constituents.  The  object  is,  to  extract  all  the  active 
ingredients  and  the  minimum  of  inactive.  Alkaloid-s  and  resins 
require  strong  alcohol :  gums,  weak  altohol ;  licoritc.  alkaline 
alcohol  ;  sanguinaria  and  ergot,  acidified  alcohol ;  gentian  and 
qtiasiia,  water  plus  alcohol  enough  to  keep. 

In  the  case  of  7'rry  volatiU  nuintrua,  such  as  ether,  chloro- 
form, or  petroleum  ether,  some  means  must  be  employed  to  col- 
lect and  return  the  evaporated  solvent.  One  of  the  l»cst  appa- 
ratus of  this  kind  is  that  of  Soxhiet  (Fig.  41^.  The  powder  to 
be  extracted  is  placed  m  a 
cartridge  of  filter-paper 
{jA\  and  this  is  inserted  in- 
to the  large  tube  {a).  The 
ball  condenser  B  and  the 
flask  r,  the  latter  Ailed 
about  one-half  with  the 
menstruum,  are  then  con- 
nected by  well-fming  cork 
stoppers,  and  the  flask  set 
in  a  heated  water-liath.  As 
the  solvent  is  vapori/ed  the 
vapors  go  through  c  and 
reach  the  outer  space  of  the 
ball  condenser.  Here  they 
come  in  contact  with  the 
large  surface  of  the  inner 
boll,  through  which  cold 
water  i*  passi  ng.  They  are 
condensed,  and  the  drops 
so  formed  fall  on  the  drug 
inu.  Assoon  as  iheliquid 
in  this  reaches  the  upper  level  of  the  siphon  h,  this  is  put  into 
action,  and  the  liquid  all  runs  into  the  flask  «•,  when  the  cycle 
is  repeated. 

Expression. — The  process  of  separating  a  liquid  from  a 
solid  by  pressure. 

Its  principal  emplo)'ment  in  pharmacy  is  for  the  recovery 
of  tinctures  from  the  **  marc  ";  /.  r. ,  the  liquid  retained  by  the 
drug  residue  after  maceration  and  percolation.  It  is  also  a  pro- 
ce»  of  separating  fixed  oils. 

TTie  drug  is  put  in  a  coaree  strong  cloth  and  subjected  to 
pressure  in  a  press.  These  are  of  various  patterns:  screw,  lever, 
hydraulic,  or  centrifugal.     The  pressure  must  be  applied  grad> 


ng.  41.— Soxhltt  exlmclor  (sec  Icxt). 
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vally  to  prevent  the  bursting  of  the  cloth.  Small  quantities  can 
often  be  pressed  sufficiently  by  putting  them  into  a  cloth  and 
tightly  twisting  the  end. 


Fig.  42. — Methods  of  folding  Alters. 


Straining  or  Colation. — The  process  of  separating  solid 
coarse  particles  from  a  liquid  by  pouring  it  through  a  cloth 
or  strainer. 

Filtration. — The   process   of  separating    solid    particles 


FILTRATION.  '    6l 

(fine  or  coarse)  from  a  liquid  by  pouring  it  through  a  finely 
porous  material,  such  as  filter-paper. 

The  usual  material  for  filtration  is  pure  unsized  paper,  **  filter- 
paper,"  which  is  made  of  various  grades, — white  and  gray, — and 
of  varying  texture  and  thickness  according  to  the  purpose  for 
which  it  is  to  be  used. 

There  are  two  principal  methods  of  folding  a  filter — plain 
and  plaited  (Fig.  42). 

The  former  is  made  by  folding  a  square  or  round  sheet  of 
filter-paper  along  the  line  i,  a  ;  and  this  piece  again  in  the  same 
way  along  2,  ^.  If  square,  the  corner  is  trimmed  off"  along  the 
dotted  line  3,  a.  The  filter  is  then  placed  in  the  funnel,  opened, 
and  moistened  with  water  or  a  little  of  the  liquid  to  be  filtered. 

The  plaited  filter  is  started  like  the  plain.  The  fold  i,  a  is 
made  ;  2,  ^  is  here  only  a  crease.  The  paper  is  flattened  again 
as  in  2,  and  the  edges  folded  in  as  in  3,  d.  The  paper  is  again 
laid  out  flat  and  each  eighth  furnished  with  an  extra  crease,  as 
in  4  ;  first  as  in  a,  then  folding  over  c,  and  then  making  ^. 
The  paper,  flattened  out,  shows  creases  as  the  lines  in  5,  all  in 
the  same  direction.  Each  space  is  now  folded  back  along  the 
dotted  line  in  the  opposite  direction,  as  in  making  a  fan  (6). 
The  numbers  in  (6)  refer  to  the  order  in  which  the  creases  are 
made.     If  this  is  separated,  it  gives  the  figure  7. 

These  two  filters  have  different  uses.  The  plaited  filter 
offers  a  much  larger  surface  for  filtration  and  is  therefore 
more  rapid  ;  it  is  the  form  usually  employed  in  pharmacy. 
The  plain  filter,  on  the  other  hand,  facilitates  washing  and 
removal  of  the  precipitate,  and  is  of  more  frequent  use  in 
chemistry. 

Several  points  deserve  special  notice  : 

The  creases  should  not  be  carried  sharply  to  the  point,  but 
should  be  quite  light  %  io  yi  inch  from  the  end,  to  prevent 
breaking. 

The  liquid  should  be  poured  in  cautiously,  so  as  to  fell  about 
the  outer  third  of  the  suriace  of  the  liquid :  if  poured  at  the 
center,  the  momentum  is  apt  to  break  the  point  of  the  filter ;  if 
poured  too  near  the  edge,  it  is  apt  to  get  outside. 

Filtration  may  often  be  hastened  by  the  use  of  a  vacuum  appa- 
ratus.     (Fig.  33,  p.  51.) 

Other  materials  are  sometimes  employed  instead  of  paper.  A 
very  useful  filter  for  large  quantities  of  liquid  is  made  from  felt. 
A  plug  of  glass-wool  or  asbestos  placed  in  the  tube  of  the  funnel 
is  especially  usefijl  for  strong  acids  or  alkalies.  A  cell  of  porous 
clay  is  also  employed,  as  in  the  various  forms  of  the  Chamber- 
land  filter.     With  this  a  vacuum  is  indispensable. 
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Another  process  of  frequent  use  in  the  separation  of  crys- 
talloids from  colloids  is  ehaJysis. 

When  ^vater  is  added  to  an  aqueous  solution  of  any  substance, 
the  dissolved  molecules  will  tend  to  distribute  themselves  evenly 
throughout  the  liquid.  'J'his  diffusion  will  chxur.  in  the  case  of 
crystalloids,  even  when  the  solution  is  sppaniteil  from  the  water 
by  a  parchment  membrane.  In  other  words,  the  cr)stalloid 
molecules  pass  freely  through  the  pores  of  the  tneinbrane  under 
the  given  conditions.  Colloids,  such  as  proteids,  gums,  gelatin, 
etc.,  on  the  other  hand,  tlo  not  pass  through,  so  that  this  gives 
a  method  for  separating  these  two  classes  of  sulKtances.  The 
most  useful  form  of  dialyzer  is  furnished  by  a  parchment  tube 
containing  the  solution  and  suspended  in  a  vessel  of  water. 

Decolorization. — Ii  is  often  desirable  to  remove  the  coloring- 
matter  from  a  solution.  'ITiis  may  sometimes  he  accomplished 
by  choosing  appropriate  solvents.  More  often,  however,  the 
solution  is  filtered  through  recently  calcined  nnimal  charcoal. 
This  very  often  retains  some  oi  the  active  constituents  as  well  as 
the  coloring -matter. 
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CHAPTER    IV. 
(A)  SPECIAL  PHARMACEUTIC  PREPARATIONS. 

The  Pharmacopceia  divides  its  preparations  into  certain  defi- 
nite classes,  established  by  long  usage,  such  as  Waters,  Spirits, 
Tinctures,  Extracts,  Pills,  Plasters,  Ointn^enis,  etc.  This  classi- 
fication will  be  retained.  The  classes  will  be  discussed  as  regards 
their  defmition  ;  reason  of  existence  ;  some  general  notion  of  the 
manner  of  preparation  ;  the  strength  of  their  more  important 
members. 

For  convenience  of  study,  it  is  t  ustonmry  to  combine  these 
classes  into  larger  groups.  In  doing  so  we  shall  not  bind  our- 
selves to  any  detlnite  or  arbitrary  scheme,  but  shall  itse  now  one, 
now  another  character,  as  they  may  seem  imitonant. 

Groups  of  Pharmaceutic  Preparations : 

A,  Liquids ;  B,  Solids.  Liquids  again  into  /.  Solutions  ; 
//.  Mixtures.  Solutions  into  i,  Solutions  proper;  2,  Ex- 
tracts. 
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A  further  subdivision  is  effected  by  the  nature  of  the 
solvent ;  aqueous,  alcoholic,  or  other. 

TABLE  IIL— SCHEMA  OF  SOLUTIONS  AND  EXTRACTS. 
I.  Solutions  Proper. — {a)j4^fous.-  Aquae. 

Liquores. 
Mucilagines. 
(6)  AUoholic:  Spiritus. 

(r)  Other  menstrua  :  Glycerita  (Glycerina,  B.P.). 
OleaU. 
Collodia. 


2.  Extracts  (solid  as)  /  v    .  ,  c 

well  as  uU)- 1  f^J  '^'^"^  ■•  K^, 


Decocta. 
(*)  Alcoholic  :  Tincturae. 

Succi. 
Liquores     concentrati    ( B. 

Exiracta  fluida  (liquida,  B. 

P.). 
Extracta. 
Abstracta. 
Resina. 
{c)  Other  menstrtta  :  Syrup'i. 
Elixiria. 

Oxyraellita    )  (Sfcch"" 

(B.P.).      (      '"-J 
Confectiones ' 
(solid). 
Here  may  be  inserted  :  AceU  (vinegar). 

Oleoresina  (ether). 

TABLE  IV.— SOLVENTS  USED  IN  PHARMACY  (U.S.P.). 

AIcokoL     91%  by  weight,  949SJ  by  volume.     Sp.  G.  0.820. 
Alcohol  dilutum.     41  <fo  by  weight,  49%  by  volume  ;  made  by 
mixing  equal  parts  of  alcohol  and  water. 

Alcohol  dissolves :  Volatile  oils,  resins,  alkaloidal 
salts,  glucosids. 
Precipitates:  Gums. 
Ether.     g6%.     Sp.  G.  0.750. 

Dissolves  volatile    and   fixed    oils,    fats,    resins, 
glucosids,  free  alkaloids. 
ChhrofomMm,     99%.      Sp.  G.  1.490. 

Solvent  properties  nearly  the  same  as  ether. 
Petroleum  Ether.     The  portion  of  petroleum  distilling  below 
40°  C. 
Dissolves  the  same  as  ether,  with  the  exception 
of  resins,  which  are  insoluble  in  it. 
Glycerin.     9S%-     Sp.  G.  1.250. 

Dissolves  gums,  salts,  sugar,  alkaloidal  salts. 
Aqua  DesiilUUa.     Dissolves  salts,  gums,  and  alkaloidal  salts, 
adds  and  alkalies,  etc. 
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WATERY  SOLUTIONS. 
Their  advantage  lies  in  the  fact  that  water  is  a  cheap  solvent 
of  very  wide  applicability,  itself  devoid  of  any  therapeutic  prop- 
erty. In  the  rase  of  substances  which  are  insoluble  in  it,  it  can- 
not of  course  lie  employed.  The  greatest  drawback  lies  In  the 
feet  that  water)'  solutions  of  organic  substances  do  not  keep.  If 
the  quantity  of  organic  matter  is  small,  fungoid  growths  develop  ; 
if  large  and  proteidsare  present,  infusoria  are  also  frefpient.  Solu- 
tions of  chemic  sul>stanccs  are  less  subject  to  this  change,  as  they 
do  not  furnish  a  jiabulum,  and  are  often  themselves  antiseptic. 

1.  AquSi (}i^a/irs). — Clear  aqueous  solutions  of  volatile 
substances.  Two  ver>'  dissimilar  classes  of  preparations 
come  under  this  heading  : 

{ij}  Kxtrcmcly  weak'  but  saturated  solutions  of  almost  in- 
soluble organic  substances,  for  tlic  most  jurt  essential  oils. 
These  arc  alone  included  under  Aquae  in  the  B.  P. 

The  quantity  of  active  substance  in  them  is  jusl  large  enough 
to  give  them  a  pleasant  flavor  without  im|>arting  to  them  any 
noticeable  lhera]>eutic  ]}ro]>erties.  I'he  absence  of  alcohol 
makes  them  good  solvents  for  salts,  which  are  generally  insoluble 
in  this  liquid.  Hence  their  main  use  is  as  a  pleasant  vehicle  (a 
vehicle  being  the  substance  whit  h  serves  for  the  conveyance  of 
another  substance).      Dose  practically  ad  libitum. 

(d)  Solutions  of  chemic  gases.  Stronj;  and  with  distinct 
therapeutic  properties.  Their  dose  is  usually  a  few  drops. 
(In  the  Biitish  Pharmacopoeia  these  come  under  the  heading 
of  Liquores.) 

Preparation  of  first  class:  These  are  prepared  either  by 
distillation  or  by  trituration  ;  Aq.  Creosod  and  Chloroformi 
by  shaking. 

In  the  method  of  trituration,  the  object  is  to  distribute  the  oil 
as  finely  as  pos.sible.  by  the  iniervention  of  some  inert  and  in- 
soluble foreign  sulrstance,  so  as  to  facilitate  solution.  Various 
methods  have  been  employed  for  this  purpose.  The  process 
now  ofiicial  is  one  oi  the  best. 

ExampU  : 

A^ua  Menth(?  Pipfrita  (U.S.P.). — ^Triltirate  a  c.c.  of  oil  of 
peppermint  with  4  Gm.  of  precipitated  calcium  phos])hate  until 
thoroughly  distributed ;  then  add  gradually  1000  c.c.  of  distilled 
water,  under  constant  trituration,  and  filter. 
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Waters,  as  a  rule,  do  not  keep  well.  Their  keeping  qualities 
may  be  improved  by  adding  to  them  some  of  the  oil  of  which 
they  are  solutions.  This  floats  on  the  surface,  and  in  this  way 
excludes  air  and  bacteria,  and  at  the  same  time  insures  permanent 
saturation. 

Preparation  of  second  class  :  The  second  class  is  prepared 
by  passing  the  gas  through  water.  The  quantity  of  dis- 
solved gas  is  then  tested  by  chemic  assaying  and  the  solu- 
tion standardized. 

Examples : 

Aq.  Chlori :  CI  developed  by  action  of  HCl  on  MnO, : 

MnO,  +  4HCI  =  MnCI,  +  aH,0  +  2CI. 

Decomposes  rapidly : 

aa  +  H,0  =  2HCI  +  O. 

Aq.  Hydrogeni  Peroxidi  : 

BaO,  +  H,PO^  =  BaHPO^  +  H,0,. 

3.  Liquores. — Aqueous  solutions  of  solid  chemic  salts 
or  hydrates,  made  either  by  directly  dissolving  the  pure  salt 
in  water  by  trituration  or  heat ;  or,  more  often,  by  chemic 
decomposition  (simple  and  chemic  solution).  (The  British 
Pharmacopoeia  includes  solution  of  gases  and  alcoholic  solu- 
tion of  fixed  substances  under  this  heading.) 

They  often  have  antiquated  names  : 

Spirit  Mindererus         ^  Liquor  Aramonii  Acetatis. 

Donovan's  Solution       =  "  Arsenii  et  Hydrargyri  lodidi. 

Lugol's  Solution  ^  **  lodi  Corapositus. 

Lead  Water  :=  "  Plumbi  Subacetatis. 

Goulard's  Extract  :=  "  "  '*  Dilutus. 

Water  Glass  =       "  Sodii  Silicatis. 

Basbam's  Mixture         =;  *'  Ferri  et  Ammonii  Acetatis. 

Monsel's  Solution  =  "  Ferri  Siibsiilphatis. 

Effervescent  Magnesia  =^  "  Magnesii  Citratis. 

Fowler's  Solution  =  '*  I'otassii  Arsenitis. 

Labarraque's  Solution  =  '*  Sod%  Chlorata:. 

Their  use  consists  mainly  in  the  convenience  of  measuring 
the  relatively  large  volumes  of  the  solution  against  weighing  the 
small  quantity  of  salt.  Water  is  chosen  as  the  solvent  because 
salts  are  but  little  soluble  in  alcohol,  and  because  the  therapeutic 
qualities  of  the  latter  are  not  desired. 

Solutions,  when  used  for   special    purposes,   receive  special 
names,  thus:  Injectiones  (Hypodermicae  ;  Urethrales),  Collyria 
(Eye-waters),  Lotiones  (Washes),  Gargarisma  (Gargle),  etc. 
5 
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The  preparation  of  typical  chemic  solutions  is  well  illus- 
trated on  iron,  by  the  aid  of  the  following  equations : 

Liq.  Ferri  Chlor.: 

(I)  Fe  -I-  2HCI  =  FeCI,  +  2H. 
(2)  6FeCl,  +  6HCI  +  2HNO,  =  3Fe,Cl,  +  4H,0  -(-  N,0,. 

Liq.  Ferri  Tersulph.: 

(3)  6FeS0.  +  3H,S0.  +  2HNO,  = 
(4)  3Fe,(S0.),  +  N,0,  +  4H,0. 

From  this  are  prepared  Liq.  Ferri  Acet.,  Citr.,  Nitr.;  and 
Ferri  et  Amm.  Acet.  after  this  model : 

{Liq-   Ferri  Citratis. ) 

(5)  Fe,(SO.),  +  6NH,  +  6H,0  =  Fe,(OH),  +  3(NHJ,S0,. 
(6)  Fe,(OH),  +  2(H,C,H,O0  =  Fe,(C,H,0,),  +  6H,0. 

One  may  easily  calculate  by  stoechiometric  calculation  how 
much  of  each  constituent  will  be  required. 

Question  i :  How  much  Aq.  Ammon.  will  be  required  to 
transform  the  Fe,(SOJj  contained  in  100  Gm.  of  Liq.  Ferri 
Teisulph.  into  Ferric  Hydrate  ? 

100  Gm.  Liq.  Ferri  Tersulph.  —  28.7  Gra.  Fe,(SO^),  (Mol.  Wt.  =  399.2). 
1  mol.  Fe,(SO^),,  according  to  equation  (5),  requires  6  mol.  NH|  (Mol. 
399.2  "  require  6  X  >7  =  102  NH,.  [Wl  =  17). 

28.7  Gm.  "  "      102  X  —  =  7-3I  Gm.  NH,. 

'  ^  399-a        '  ^  ' 

Aq.  Ammon.  =:  10%  NH,  .-.  100  Gm.  Liq.  Ferri  Tersulph. 
requires  73.10  Gm.  Aq.  Ammon. 
Ans.  :  yj.I  Gm. 
Question  2  :  How  much  Fej(OH),  will  this  give? 

I  mol.  Fe,(S04)j  (399.2),  according  to  equation  (5),  gives  X  mol.  Fe,(OH)j 

[("3)- 

38.7  Gm.  "  give  213  X  ^l^-    =  IS'6  Gm.  Fe^{Off\  = 

•'^"  [Answer. 

Question  j  :  How  much  Citric  Acid  will  be  required  to  trans- 
form 15.6  Gra.  Fe,(OH).  into  Fe,(C,H,0,),? 

I  mol.  Fe,(OH)^  according  to  equation  (6),  requires  2  raol.  H,C,HjOj. 

213  "  require  383  H,C,HsOt.  C(»9l-5)- 

Hence  15.6  "  *'      3$3  X^-^f^  =  ^7-^  G"'- y^iC^^iOj~Anttt>er. 

Question  4 :  How  much  Fej(C,H50,)j  will  this  give  ? 

I  mol.  Fe,(OH),,  according  to  equation  (6),  gives  i  mol.  Fe,(C,HjOT),. 
213  "  give  498-8  Fe,(C,HjO,),.  [(498-8). 

Hence  15.6  "  "    498.8  'jf^  =  36.5  Fi^{C^H^O.^)^==  Answer. 
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Other  chemic  solutions  are  prepared  according  to  the  follow- 
ing equations : 

Liq.  Ferri  Subsulphatis : 

Piobtbly :  4FeS0,  +  H^O.  +  2HNO,  —  ¥cfi{SOt)i  +  N,0,  +  H,. 
Xiq.  Hydrarg.  Nitratis  : 

HgO  +  2HNO,  =  Hg(NO,),  +  H,0. 
lAq.  Plumbi  Subacei,  : 

Pb(C,H,0,),  +  PbO  =  Pb,0(C,H,0,)r 
I.iq.  Amman.  Acttatis : 
NH^HCO,.NH,NH,CO,  +  3HC,H,0,  =  3NH,.C,H,0,  +  H,0  +  2CO,. 

(If  this  is   prescribed  with  alkaloids  more  acid  should  be 
added.) 


Strength  of  the  Most  Important  Liquors. 

U.S.P. 


In  Both 
Pharmacopckias. 

All  liquors  containing  ar- 
senic      I  %  As  salt.  .  .  . 

U.S. P.  Liq.   Ferri   Chlo- 

ridi 37-8%Fe,CI. 

B.  P.       Liquor  Ferri  Per- 

chloridi    .    .    . 
B.P.       Liquor  Ferri  Per- 

chloridi  Fortis 
U.S. P.  Liquor  lodi  Com- 

positus 5^  I 

B.  P.       Liquor  lodi  Fortis 
Liq.  Plumbi  Sub- 

acetatis  [Fortis, 

B.P.]    ....        25% 
Liq.  Plumbi  Sub- 

acetatis  Dilutus        ...  V^'fo 

Liquor      Potassae 

or  Sodae  ...         5^  ... 

B.P.       Liquor  Atropinae 

Sulphatis, ... 

B.  P.       Liquor  Morphinae 

Acetatis    ...         ...  ... 

B.  P.       Liquor  Morphinae 

Hydrochloratis         ...  ... 

B.P.        Liq.    Strychninae 

Hydrochloratis         ...  ... 


B.P. 


6%  Fe. 

22>^%  Fe. 

14%  L 


Yilo 


^% 


Injecdones  Hypodermics  (B.P.)  are  strong  watery  solu- 
tions of  active  drugs,  intended  for  subcutaneous  administra- 
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tion.    They  are  sometimes  preserved  sterile  by  the  addition 
of  carbolic  or  salicylic  acid.     Dose,  2  to  10  min.  (B.P.). 
The  following  are  official  (B.P.): 

Injectio  Apomorphinae  Hypo-  Injectio  Ergotse  Hyp.,  30^ 

dermica,  i^.  of  extract. 

Injectio    Cocainae    Hypoder-  Injectio  Morphinae  Hyp.,  5^ 

mica,  10^.  of  extract. 

3.  Mucilagines. — Aqueous  solutions  of  gummy  sub- 
stances. 

Since  gums  are  insoluble  in  alcohol,  mucilages  are  incom- 
patible with  this  substance.  They  should  be  recently  prepared 
because  they  are  very  apt  to  mold.  They  are  prepared  by 
either  hot  or  cold  process  :  the  former  being  solution  by  heat, 
the  latter  by  percolation.  The  former  should  be  used  only  when 
necessary  (tragacanth),  as  heat  usually  causes  discoloration  of  the 
product. 

ALCOHOLIC  SOLUTIONS. 

Alcohol  is  a  specific  solvent  of  certain  substances  (vola- 
tile oils,  alkaloids,  resins).  In  prescribing,  avoid  mixing 
these  with  an  aqueous  solution. 

Further,  alcohol  is  a  good  preservative  ;  but  it  has  dis- 
tinct therapeutic  qualities,  which  may  or  may  not  be  useful. 

4.  Spirits. — Alcoholic  solutions  of  volatile  drugs.  They 
are  all  fairly  strong. 

As  in  Aquge  we  have,  as  to  preparation:  Simple  solution; 
distillation  {\\<\M^Mr&  and  strong  "liquors");  chemic  decompo- 
sition fspiritus  sether.  nitrosi). 

Spirit.  j4i!ther.  Nitrosi :  Ethyl  nitrite  is  prepared  by  acting 
on  alcohol  with  nitrous  acid. 

NaNO^  +     H.,.SO,    =  NaHSO,  +  HNO,. 

This  is  distilled  and  purified  by  washing  with  water  and  sodium 
carbonate  and  dissolved  in  alcohol. 
Strength  of  Spirits: 

Spiritus  Ammonise,  10^. 

'*  "  Arom.  contains  about  \fJo  NH,. 

"       Camphorse,  10^. 

"       Glonoini,  i^. 

"       Phosphori,  0.12%. 

*'      ^ther.  nitros.,  j^^c  CjHjNO,. 
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5.  Glycerita  (Glycerin^\.  B.I*.  j. — Solutions  in  glycerin. 
Glycerin  has  good  solvent  power  for  many  substances.     It 

keeps  well,  and  is  useful  especially  for  external  application  on 
account  of  its  adhesiveness. 

Glyceritum  Ac.  Carbol.,  20  ^fc- 
Boroglycerini,  31  %  of  boric  acid. 

6.  Oleata.— Solutions  of  bases  (metallic  or  alkaloidal)  in 
oleic  acid.  'Ilicy  are  not  definite  chemic  compound'*,  as  the 
name  would  imply.  The  rationale  of  their  use  is,  that  a  sub- 
stance is  not  alworbed  by  skin  from  aqueous,  tiut  from  oily 
solutions.  Many  substances,  again,  are  not  soluble  in  oils,  but 
dissolve  in  oleic  acid.  Thcolcatcs,  therefore,  constitute  a  useful 
clasK  of  preparations  when  it  is  desired  to  secure  the  absorption 
of  a  drug  through  the  skin. 

Strengths : 

Oleatum  Hydrargyri  =  20^  of  mercuric  oxid. 
"       Veratrinj  i<fp, 
•'       Zinci,  ZnO,  5^. 

7.  CoUodia. — Solutions  of  gun-cotton  in  ethereal  fluids.  By 
the  evaporation  of  the  solvent  they  form  a  film  on  the  skin,  and 
thus  act  like  plasters.     Callodia  must  not  be  brought  near  fire. 

CoUodium  Cantharidalum. 

'•  Flexile  (Canada  turpentine  and  castor  oil). 

The  l>ase  is  collodion  :  This  is  made  by  dissolving  pyroxoton, 
3  parts,  in  a  mixture  of  75  parts  of  ether  and  25  parts  of  alcohol. 

P)'Toxylon  is  prc|iared  by  the  action  of  HNO,  on  cclltilose 
(cotton)  in  presence  of  H^SO,.  This  may  result  in  a  number  of 
substitution  products,  of  which  dinitrorellulose  is  official.  Hexa- 
cclluloee  is  the  explosive. 

Cellulose  :  =  C,H„0,  y  =  =  C„H,0„. 
Dinitro. :  =  C„H„0,(NO,),. 

(aiC;H^O^  -f  aHNO,  =  C„H„0,(NO,),  +  aH,0) 

Hexa. :  =  C„H„0,(NO,).. 


SOLUTIONS  MADE  BY  EXTRACTION. 

8.  InfusionB. — Aqueous  solutions  of  the  soluble  princi- 
ples of  vegetable  dnigs,  obtained  by  brief  maceration  in 
hot  or  cold  water. 

Unless  otherwise  directed,  the  strcn^h  should  be  5%, 
and  the  Dose  of  the  non-poisonous  infusions  is  1 5  to  60 
c.c.  (j4  to  2  ozs.). 
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/ft/,  DigitaiiSy  1.5%  :  Dosir,  4  to  15  c.c.  (=:  I  to  4  drathms). 
Infusum  Senna  Ctfmp.   (Black  Draught)  =  Senna,  MgSO^, 
and  Manna. 

9.  DecoctiODS. — Infusions  in  which  the  ingredients  have 
been  boiled  with  water  for  at  least  fifteen  minutes.  When 
the  strength  is  not  specified,  it  shoulij  be  55^. 

Infasions  and  decoctions  arc  especially  useful  when  it  is 
wished  to  extract  some  principle  which  is  more  soluble  in  water, 
or  when  the  therapeutic  effect  of  alcohol  or  the  mechaniail  in- 
com|>atibility  of  alcohol  with  salts  is  to  be  avoided.  There  are 
some  inconveniences  connected  with  their  use  :  They  lalce  a  long 
time  to  prepare.  Like  all  watery  solutions,  they  spoil  quickly, 
and  must,  therefore,  be  made  fresh.  The  decoction  can  only  be 
used  if  there  arc  no  delicate  constituents  to  be  destroyed  by 
boiling. 

The  solvent  being  so  very  cheap  and  having  no  action,  it  is 
usual  to  make  decoctions  considerably  weaker  than  tinctures.  In 
prescribing  thetu  the  proportion  should  always  be  given  in  case 
of  strong  drugs. 

Example :  Infusum  Digitalis,  0.7  :  50. 

10.  Alcoholic  Extracts  in  General. — The  difference 
between  the  various  groups  of  alcoholic  preparations  is 
mainly  one  of  strength. 

Tinctures. — These  are  fairly  dilute  solutions,  varying  from 
O.49&  to  50%,  but  for  the  most  part  from  \0%  to  20^. 

Liquoris  concentraii  (B.I*.)  are  more  concentrated  than 
the  tinctures,  but  weaker  tlian  fluid  extracts. 

Fluid  extracts  are  made  of  such  streiigtli  that  i  c.c.  =  1 
Gm. 

Solid  extriuts  are  extracts  of  various  kinds  evaporated  to 
a  semi-solid  or  solid  consistency. 

As  to  the  advantages  and  disadvantages  of  these  respective 
preparations : 

The  tinctures  are  probably  the  best,  since  the  quantity  of 
solvent  is  sufficiently  large  to  insure  complete  exhaustion 
of  the  drug  and  to  keep  the  principle  in  solution  ;  they  also 
avoid  the  necessity  of  heat  On  the  other  hand,  their 
strength  is  perfectly  arbitrary,  the  only  rule  being  custom. 

Fluid  extracts  {liquid  extracts,  W.V.)  are  valuable  as  the 
most  concentrated  liquid  preparations,  where  such  are  de- 
sired.    They  present  a  definite  relation  to  the  drug  (1  c.c. 
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equals  i  Gra.).  but  this  is  merely  of  pharmaceutic  impor- 
tance. On  the  other  hand,  the  heat  which  must  necessarily 
be  used  in  their  preparation  is  never  beneficial.  On  account 
of  their  concentration,  precipitates  arc  apt  to  form  on  stand- 
ing, and  while  these  are  often  inactive,  they  may  contain  tlie 
active  principles.  They  are  also  much  more  subject  to  pre- 
cipitation on  mixture  with  other  hquids,  and  the  dose  is 
usually  so  small  that  they  require  some  such  admixture. 

Soiui  extracts  are  for  convenience  of  administration  in 
solid  form ;  €.  g.,  in  pills,  ointments,  plasters,  etc.  They  are. 
of  course,  y^xy  concentrated,  and  heat  must  be  used  in 
thdr  preparation,  but  this  is  a  necessary  evil  with  solid 
preparations.  Their  greatest  drawback  lies  in  the  very  un- 
certain strength,  since  it  is  impossible  to  give  any  definite 
rule  as  to  how  far  the  evaporation  .should  be  carried,  and 
when  finished  they  constantly  attract  or  give  off  moisture. 

Ahtnuts,  now  no  longer  official,  were  more  unifonn.  With 
tfaem,  some  inert  powder  f  sugar  of  milk )  was  added  to  the 
liquid.  The  evaporation  was  then  carried  to  dryness,  and  then 
sufficient  of  the  same  inert  [towdcr  was  added  lo  bring  the  weight 
of  the  finished  product  up  to  a  defiiiiic  relation  to  the  crude 
drug — I'.f.^  2  :  I.  Manufacturers  now  make  similar  preiKi  rat  ions, 
♦•powdered  extracts":  i.  f.,  extracts  evaporated  to  total  dry- 
ness  and  then  mixed  with  inert  powder  to  corae  up  to  what  is 
considered  the  average  solid  extract.  These  arc  an  improve- 
ment, for  they  give  uniformity  in  the  preparations  of  the  same 
manu&cturer,  but  altogether  too  much  is  left  lo  his  interpreta- 
tion of  the  meaning  of  an  "average  extract."  The  foregoing 
rcmarki  apply  only  to  active  exlracLs.  Such  extracts  as  gentian 
and  taraxacum  are  practically  used  only  as  pill  exctpients,  and 
have  very  little,  if  any,  therapeutic  properties  and  their  strength 
is  immaterial. 

If'lnes  are  tinctures  in  which  wines  have  been  substituted 
for  alcohol.  They  have  a  more  pleasant  taste,  but  inferior 
keeping  qualities. 

fw^ar  (dilute  acelic  acid)  is  a  good  solvent  for  many 
substances,  particularly  alkaloids,  and  is  a  fair  preservative. 
It  has  a  tendency  to  derange  digestion  and  possesses  other 
therapeutic  properties  which  arc  for  the  most  part  objec- 
tionable. These  preparations  {ActUti)  may  be  considered 
anliquated.     These  remarks  hold  also  for  "  acetic  extracts." 

Syru/»s  are  practically  infusions  or  decoctions  preserved 
by  sugar.     They  are  necessarily  dilute,  but  present  a  plea- 
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saiit  form  (if  pcniiancnt  aqueous  extracts.  The  therapeutic 
cirect  ol  tlie  sugar  may  also  be  desired — f._g^.,  in  cough. 

Ohoresvts  are  ethereal  extracts  made  by  exhausting  the 
drug  with  etlier  and  allowing  the  solvent  to  evaporate. 
They  contain  those  portiivns  soluble  in  clhcr — mainly  oils 
and  resins,  liencc  the  name. 

Artificial  resins  are  precipitates  obtained  b\'  mixing  alco- 
holic solutions  with  water.  Where  they  constitute  the  active 
principle,  this  is  a  convenient  method  of  isfdatinj^  it  in  a  con- 
centrated although  somewhat  impure  form.  Their  strength 
is  fairly  constant. 

Since  drugs  are  supposed  to  lose  some  of  their  activily  by  drying 
and  keeping,  a  class  of  tinctures  made  from  the  freshly  collected 
green  drugs  has  been  introduced  under  the  name  of  Iwctura 
Htrharum  Reifntimn.  These  preparations  are  not  at  all  popular  ; 
in  fact,  almost  unknown,  ami  justly  so.  'I'hey  are  of  ver)-  incon- 
stant strength,  since  the  natural  moisture  oi  plants  is  variable. 
Again,  they  can  only  be  j)repared  in  the  localities  where  the 
plants  are  native  and  where  there  often  are  no  reliable  facilities 
for  their  manufacture.  These  remarks  apply  equally  to  Sued  of  the 
British  Phamiacoprjeia,  made  by  using  one  part  alcohol  and  three 
parts  of  the  expressed  juit  e. 

'I'he  directions  of  the  l^.S.P.  are  to  macerate  500  fim.  of  the 
fresh  herb  with  looo  c.c.  of  fresh  alcohol  for  fourteen  days,  to 
express  and  filter.  The  B.  P.  directs  3  parts  of  the  freshly  ex- 
pressed juice  to  be  diluted  with  i  part  of  alcohol. 

II.  Tincttirs. — Alcoholic  or  partly  alcoholic  solutions 
of  the  useful  constituents  of  such  drugs  as  are  not  wholly 
soluble  in  the  menstruum. 

Exceptions  to  this  definition  arc  tincture  of  iodin,  tincture  of 
chlorid  of  iron,  and  tine  ture  of  tola. 

Tinctures  arc  prejiared  by  solution,  mac£ration,  digestion,  or 
percolation,  in  the  manner  already  indicated.  Some  dispensers 
prepare  tinctures  extemporaneously  by  diluting  fluid  extracts.  It 
is  scarcely  necessary  to  point  out  that  this  procedure  ts  not  to  be 
recommended.  The  whole  object  of  prescribing  tinctures,  which 
diiTer  in  iheir  composition  from  the  fluid  extracts,  is  thus  lost. 

Timturcs  are  usually  made  by  exhaasiing  a  given  amount  of 
the  drug  with  nicnstnium  sufficient  to  make  a  specified  quantity. 
Thits,  15  (Jm.  of  drug,  extracted  with  alcohol  q.  s.  100  c.c,  is 
spoken  of  as  a  159^  tincture.  In  recent  years,  however,  it  has 
been  attempted  to  inlrodu<:e  more  exactitude  into  this  method  by 
assaying  the  finished  tinctures  for  their  active  constituents.  As 
these  melhoils  are  usually  rather  complicated,  the  process  has 
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thm  far  l>een  confined  to  opium,  cinchona,  and  nux  vonika  (U. 
S.P. ),  and  a  few  others  (  B.R  ),  but  it  is  expected  that  the  re- 
visersof  the  PharmacoiMEia  will  add  to  this  numlwr.    (Seep.  S5.) 

Ammimiaftii  tiricfurrs — viz..  amn^oniated  tincture  of  guaiac, 
and  atiiniuniatett  tinciiire  of  valerian — arc  those  in  which  aro- 
matic spirits  of  ammonia  is  used  as  a  menslruum.  In  the  ethereai 
tinctttrts  the  nienstruuni  is  ethereal  spirit  consisting  of  a  mixture 
of  seven  parts  of  ether  and  three  parts  of  alcohol. 

The  following  is  a  Hsi  of  the  strfttj^th  in  jjcr  cent,  of  the  most 
important  tinctures : 

\ 
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Medicated  wines  are  tinctures  or  solutions  made  with 
ine  3s  a  solvent.  Dry  white  wine  of  lo'/J  to  14%  by  weight 
of  alcohol  is  employed  for  this  purjjose,  and  sufficient  alcohol  is 
added  to  insure  permanent  keeping  nualities — /.  ^.,  15  parts  per 
loo.  In  the  case  of  vegetable  drugs  they  are  prepared  by  per- 
colation ;  in  the  case  of  chemicals,  by  simple  solution. 

13.  Fluid  extracts  (liquid  extracts,  B.P.)  may  be  de- 
fined as  fluid  alcoholic  preparations  of  vegetable  drugs,  of 
such  strength  that  I  cc.  contains  the  active  ingredients  of 
I  Gm.  of  the  drug. 

They  are  invariably  prepared  by  percolation.  (Sec  p.  57. ) 
'Ilic  dnig  is  moistened,  packed  in  the  percolator,  and  n^aceratcd 
in  the  usual  manner.  The  first  four-fifihs  of  the  [jcrcolate — that 
is  to  say,  800  cc.  for  each  kilogram  of  the  drug  which  is  being 
ojicTaied  ujKjn — areset  aside.  The  |»crcolation  is  then  continued 
untd  the  drug  is  exhausted  of  its  active  principle  (cf.  p.  58). 
This  last  portion  of  the  percolate  is  then  evaporated  to  the  con- 
sistency of  a  soft  extract,  and  this  residue  is  mixed  with  the  re- 
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served  portion,  and  menstruum  is  added  up  to  looo  c.c.  In 
this  manner  the  deleterioxis  effect  of  heat  upon  the  main  mass 
of  the  active  ingredients  which  arc  contained  in  the  reserved 
portion  is  avoided. 

The  healing  may  also  be  avoided  by  the  process  q{  repercala- 
tion.  In  this,  the  last  portion  of  the  pen:olate,  instead  on>eing 
evaporated,  is  used  in  exhausting  new  portions  of  drugs.  This 
is  an  especially  useful  method  when  the  finished  product  is  capa- 
ble of  standardization. 

Solid  extracts  must  not  be  confused  with  the  fluid  ex- 
tracts. They  arc  solid  or  semisolid  preparations  obtained 
by  evaporation  of  solutions  of  the  medicinal  principles  of 
drugs. 

Here  it  is  again  attempted  to  avoid  the  prolonged  action  of 
heal  upon  the  main  mass  of  the  constituents  by  reserving  aliout 
the  firet  fourth  of  the  percolate,  evaporating  the  remainder,  mix- 
ing with  the  first  fourth,  and  again  evaporating,  this  time  at  a 
low  temperature  (50**  C. ). 

It  must  be  remembered  thai  the  solvent  is  of  extreme  impor- 
tance in  the  preparation  of  solid  extract*.  If  an  inappropriate 
solvent  is  used, — as,  for  instance,  water  in  the  «asc  of  a  drug 
which  contains  much  gummy  matter  together  with  an  active  alka- 
loid,— the  yield  of  extract  will  be  very  large,  but  it  will  be  very 
poor  in  the  active  substances  ;  whereas  if  an  alcoholic  solvent  be 
used,  a  very  small  amount  of  very  active  extract  will  be  obtained. 
It  will  be  verj-  readily  imdenitood  that  these  prejwi rations,  unless 
extremely  carefully  prepared,  are  often  unreliable.  Jn  the  first 
place,  the  extent  to  which  the  extract  must  be  evaporated  can- 
not be  described  with  absohite  accuracy.  Then,  as  already 
stated,  these  preparations  are  very  apt  to  absorb  or  give  off 
moisture,  and  thus  change  their  weight. 

The  prolonged  heat  to  which  extracts  must  necessarily  be  sub- 
jected is  very  liable  to  injure  the  more  delicate  constituents.  It 
follows  from  this  that  solid  extracts  of  poisonous  drugs  should 
never  be  prescribed  unless  they  have  been  standardized,  either 
by  chemic  or  phy.siologic  tests.  The  former  Pharmacopoeia 
attempted  to  remove  some  of  the  objections  to  these  preparations 
by  introducing  the  abstracts^  which  were  adjusted  in  such  a  manner 
— by  dilution,  with  sugar  of  milk  or  some  other  inactive  sub- 
stance— that  I  Gni.  of  the  extract  was  ctjual  to  z  Gin.  of  the  drug. 
For  some  reason  difficult  to  understand,  these  preparations  never 
bec-ame  popular,  and  have  been  abandoned.  The  powdered 
extracts  prepared  by  some  manufacturers  avail  themselves  of 
the  same  principle. 

Inspissated  juices  (extractum  viride,  B.P.)  may  be  placed 
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in  this  same  eta's.  They  are  obtained  by  evaporating  the  ex- 
pressed juice  of  the  fresh  plant. 

Extracts  may  be  divided,  according  to  their  consistency,  into 
pillulor  (soft)  and  hard  (dn*).  The  first  form  a  soft  mass  of 
the  proper  consistency  to  he  formed  into  pills ;  the  latter  are 
dry  and  brittle,  so  that  they  may  be  pulverized.  According  to 
the  menstruum  employed,  extracts  may  be  divided  into  alco- 
holic,  hydro-akoholi<-,  and  aqueous. 

The  artificutl  resins  are  prepared  by  extracting  the  drug  with 
alcohol  and  precijjitating  with  water.  The  eclectic  resinoids 
are  prepared  in  the  same  manner,  and  are,  of  course,  only  of 
value  if  the  active  ingredients  of  the  plant  are  insoluble  in  water 
but  soluble  in  alcohol. 

14.  Syrups  are  dense  saccharine  solutions  of  medicinal 
substances. 

Their  value  lies  in  the  fact  that  concentrated  solutions  of  sugar 
form  an  excellent  preser\'ative,  since  sugar  withdraws  moisture, 
and  thus  prevents  the  development  of  organisms.  Simple  syrup 
is  practically  a  saturated  solution,  and  contains  85  Gm.  of  cane- 
sugar  in  100  c.c.  Syrups  are  usually  prepared  by  first  making  an 
infusion,  and  dissolving  in  this  the  sugar,  either  by  heal  or  by 
percolation,  according  to  whether  or  not  the  drug  is  injured  by 
a  high  temperature.  In  special  cases  modifications  may  ttc  intro- 
duced. Honry  is  sometimes  used  instead  of  cane-sugar,  making 
a  class  oi  preparations  called  mellita.  If  acetic  acid  is  added  to 
this,  we  have  oxymtlim. 

Elixirs  are  aromatic,  sweetened  spirits,  which  may  be 
medicated. 

'Hiey  are  very  useful,  since  Ihey  combine  the  solvent  proper- 
ties of  alcohol  and  of  water,  and  arc  very  agrceal>lc  to  the  taste. 
The  most  woeful  and  best  aromatic  elixir  is  flavored  with  orange 
peel,  lemon,  coriander,  and  anise. 

Confections  are  thick  medicated  jams. 

They  were  formerly  ven.-  i>optilar,  but  have  now  been  almost 
abandoned.  Electuaries  were  similar  but  somewhat  thinner 
preparations. 

15.  Aceta  arc  medicated  \nnegars. 

At  present  dilute  acetic  acid  is  used  as  a  substitute,  since  it 
keeps  better  and  has  a  more  definite  strength.  Vinegar,  or  dilute 
acetic  acid,  is  a  good  solvent  for  alkaloids  and  glucosids,  but 
does  not  keep  as  well  as  alcohol.  These  preparations  are  now 
practically  obsolete.  They  are  made  of  a  strength  of  io*?Ij. 
ActtU  extracts  are  made  of  the  same  strength  as  fluid  extracts. 
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16.  Oleoresins  ore  ethereal  percolates  contenlraled  by  evap- 
oration. I'hcy  contain  the  fixed  and  volatile  oils  and  resins  of 
the  drug. 

17.  Mixtures,  in  the  wider  meanuig  of  the  word,  are 
fluids  resuldiiii  frnrii  tht*  mixture  of  fluids  with  other  fluids 
or  with  solids.  They  comprise :  I.inimenta,  Mistur^e, 
Kmulsa. 

If  they  are  intended  for  external  application  as  counter- 
irritants,  they  are  called  liniments. 

Mixtures^  in  the  narrow  meaning  of  the  term,  are  gener- 
ally suspensions  of  a  solid  in  a  liquid,  sometimes  by  the  use 
of  a  gummy  substance. 

Emulsions  arc  niixturcs  of  a  milky  appearance,  made  by 
suspending  fats,  oils,  or  resinous  substances  in  aqueous 
liquids  by  llie  inten'ention  of  some  gummy,  viscid  sub- 
stance. 

The  object  of  cmubification  is  to  break  up  the  insoluble  oil 
into  the  finest  partiL-les  and  to  envelop  each  of  these  in  a  coating 
of  the  emiilsifj-ing  agent,  which  will  keep  them  from  reuniting. 
This  allows  of  dilution,  of  the  admixture  of  other  sut>siances,  and 
it  facilitates  absorption.  Milk  is  a  natural  emulsion  in  which 
the  butter-fal  is  kept  in  emulsion  by  the  casein.  It  may  be  taken 
as  a  typo  to  which  artificial  emulsions  must  conform.  The 
globules  must  be  unifonn  and  of  about  the  same  size  as  those  in 
milk. 

Emulsions  may  be  divided  into  the  following  classes: 

/.  Natural  emuhitmsy  such  as  arc  found  ready  formed  in 
nanire.  Instances  of  these  are  milk,  the  yolk  of  egg,  and  some 
plant  juices. 

2.  Gum-resin  ami  sent  emulsions:  that  is,  emulsions  made 
from  such  substances  as  contain  their  own  emulsifier.  Examples 
of  such  giun-resins  are  ammoniac,  asafetida,  and  myrrh.  The 
undried  drugs  should  be  used  in  making  these  emulsions,  since 
Ihcy  are  largely  spoiled  by  drying.  The  drugs  are  reduced  to  a 
coarse  powder  and  water  is  added  gradually.  Seeds  which 
yield  such  emulsions  are  poppy,  hemp,  and  almond. 

J.  In  artijidal  ewuisions  an  emulsifier  must  be  added.  Quite 
a  number  of  substances  may  be  used  for  this  purpose,  the  prin- 
cipal ones  being  gunj  acacia,  tragacanth,  yolk  of  egg,  Irish  moss, 
soap  bark,  and  extract  of  malt.  The  substance  most  commonly 
used  is  gum  acacia.  This  emulsifier  is  incomi>aiible  with 
large  quantities  of  alcohol,  borax,  tincture  of  iron,  or  glycerin. 
It  may  l>c  used  by  either  the  Continental  method,  in  whiLh  a 
nucleus  is  first  formed  from  gum,  oil,  and  M-ater»  and  10  which 
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ihe  remainder  of  the  water  may  then  he  added  ;  or  by  the  Eng- 
lish nitflhod.  in  which  a  mucilage  is  first  made,  to  whii'h  the  oil 
and  water  are  added  in  altenute  small  (lortions.  'I'he  Conti- 
itrntai rmthod  desenes  the  preference.  I'o  ibnn  a  nucleus  there 
should  be  used  for  each  part  of  oil  one-fourth  to  one-half  part 
of  acacia  and  one  ]jart  of  water.  Stir  the  oil  ivith  the  acacia  in 
graimUr  powder,  then  add  the  water  at  once.  The  mixture  of 
the  oil  and  the  gum  must  not  be  allowed  to  stand  too  long  be- 
fore adding  the  water,  otherwise  it  will  cake.  In  the  IZtif^lish 
method  the  acacia,  the  amount  of  whi<.h  should  Ik;  lialf  that  of 
the  oil,  IS  rubbed  up  with  an  equal  volume  of  water  and  then 
small  portions  of  oil  and  water  are  added  alternately.  If  this  addi- 
tion should  be  done  too  rapidly,  there  is  danger  that  the  emulsion 
will  separate  or  "crack."  This  does  not  necessarily  sjioil  it, 
for  it  may  be  re-emulsionized  by  adding  it  lo  a  fresh  portion  of 
acacia  and  re|>ealiiig  the  process. 

In  making  medicated  emulsions  the  ingredients  should  be 
mixed  in  the  following  order :  First  the  nucleus,  then  the  flavor- 
ings then  the  syrup,  and,  lastly,  the  water  in  which  the  solids 
have  l>een  dis^solved. 

Xiixolk  emulsiens^  the  yolk  of  egg  is  a<ied  in  place  of  the  nucletis 
in  the  Continental  method.  The  yolk  is  triturated  in  a  morlar 
ftod  Ihe  oil  and  water  are  added  alternately  in  small  portions. 
One  yolk  suffices  for  from  one  to  Iwo  ounces  of  oil.  'fhc  yolk 
emulsions  are  incompatible  with  the  same  substances  as  gura 
enmlsioas  and  do  not  keep  nearly  as  well. 

Soap  hark  has  saponin  for  its  emulsifying  agent.  It  is  not  in- 
compatible with  any  of  the  above-named  substances,  but  pos- 
seaes  very  decided  lhera|>eutic  properties,  which  preclude  its 
use  in  many  cases.  It  is  used  in  the  proportion  of  i  (xirt  of  the 
tincture  to  8  parts  of  the  oil :  Place  the  tincture  in  a  dry  Iwtlle,  add 
the  oil  in  portions,  andshake  after  each  addition.  Finally  add  the 
water.     Crude  saponin  (0.3  :  too  of  oil )  can  also  be  employed. 

f.xtrticf  (>/  molt  emulsifies  its  own  weight  of  oil.  It  is  used 
as  the  nucleus  in  the  Continental  method. 

Solutions  of  tiikaiies  may  also  l>c  vised  for  cmtilsification,  since 
tbey  form  soaps,  but  they  are  usually  not  desirable. 


SOLID  PREPARATIONS. 
18,  Powders    are  finely  powdered  drugs   intended  for 
cither  external  or  internal  administration. 

When  intended  for  external  use,  as  for  dusting -powders,  ex- 
irc-mc  fineness  is  the  main  desideratum.  They  should  in  this  (ase 
be  mixed  with  a  spatula  and  not  in  a  mortar,  since  the  former  in- 
sures greater  smoothness.  When  intended  for  internal  use,  they 
a(e  generally  folded  in  papers.     It  must  l>e  l>omc  in  mind  that 
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X  KMiap.  ^r-  ]jrc]jiirt-u  ciiaiK,  a(:aciB,  anu  sugar. 

^  I'NaHtd,,         aU  Gm,  1  v, 

idhu  po^-derj         (l-artariccid.  2^  Uin.  =  white  p.pe.. 


no  hygroscopic  substances,  such  as  ijolassium  acetate  or  citrate, 
can  be  prescribed  as  powders.  Camphor  and  chLoral  become 
fluid  when  mixed  together.  In  making  compound  ]ioivders,  one 
should  l>egin  with  the  smallest  ingredient  and  add  the  other;  in 
the  order  of  their  amount,  triturating  thoroughly  after  each  addi- 
tion. In  dividing  the  powder,  it  is  not  usually  necessary  to  weigh 
out  each  powder.  The  object  is  generally  accomplished  with 
sufficient  accuracy  by  flattening  the  powder  on  a  piece  of  paper, 
squaring  off  the  edges,  and  dividing  into  a  numl>er  of  ccjual 
parts  bymcansof  aspaluJa.  In  the  case  of  more  bulky  powders, 
such  as  Seidlitz  powders,  measures  are  used.  Most  of  the  offi- 
cial powders  are  now  obsolete.     The  important  ones  are : 

PulvU  Crelat  Camp.  —  ])re])i3ri-<l  clialk,  ucacta,  and  sugar 

'*     Effene 

(Seidlil 

"      Glycyrrh.  Comp.     ^  Mnna,  Ikoric*.  fennrl,  and  »ul|)Jiur, 
'*      ]|>c^:iic  ct  Opii        =  lo^  of  each. 

Granular  Effervescing  Salts.^Thesc  are  a  pleasant 
form  of  administering  many  salts,  the  CO,  helping  to  dis- 
guise the  taste,  and  favorinij  absorj)tton  and  peristalsis. 
The  basi.s  is  a  mixture  of  sodium  bicarbonate  and  tartaric 
acid  or  citric  acid  ;  to  these  is  added  the  medicinal  agent 
and  suf;ar  enoujjli  to  make  the  dose  a  teaspoonfiil.  This 
mixture  is  .softened  by  lieat  or  moistened  with  alcohol,  well 
stirred  until  solid,  and  pressed  through  a  sieve. 

Triturations  are  powders  obtained  by  triturating  tlie 
active  substance.s  witli  some  inert  material  such  as  sugar  of 
milk. 

Their  advantage  lies  in  the  greater  ease  in  weighing  out  a  com- 
paratively large  amount  of  substance.  When  no  special  direc- 
tions are  given,  triturations  arc  made  of  a  strength  of  lo^.  The 
trituration  of  elaterin  Is  the  only  one  officinal. 

EUosa^chara  are  triturations  of  volatile  oib  with  sugar  In  the 
proportion  of  i  :  30.  They  are  used  for  the  purpose  of  flavoring 
other  powders. 


To  gel  a  definite  dose  and  to  reduce  the  bulk  of  the  substances 
where  it  is  desired  to  administer  them  in  dry  form,  and  when  the 
inconvenience  of  powders  is  to  be  avoided,  we  employ  lozenges, 
triturates,  pills  with  various  coatings,  capsules,  wafers,  or  cachets. 
The  administration  of  substances  in  dr)'  forfnalwa\*B  delays  their 
absoqition.  and  this  is  especially  the  case  if  the  preparations 
are   coated.     On   the  other   hand,   they   have   (he  advantage 
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of  reaching  the  intestinal  canal  with  little  change.  One  mast 
always  Ik  careful  not  to  presthbe  pills,  etc.,  o(  such  bulk  that 
thejr  cannot  be  swallowed. 

19.  Pills  may  be  defined  as  spherical  or  elongated  masses 
of  medicinal  substances,  of  such  size  as  to  be  convenient  for 
swallowing  ;  that  is  to  say,  containing  up  to  5  grs.  (0.35 
Gm.)  of  active  substance.  If  the  pill  is  of  larger  size,  it  is 
called  a  ^<f/HS.      Very  small  coated  pills  arc  spoken  of  as 

A  pill  consists  of  the  active  ingredient  and  of  the  excipient 
(cohesive) ;  the  latter  varies  with  the  nature  of  the  former. 

In  order  to  make  pills,  the  substance  is  f  hit  ntade  into  a  mass 
by  means  of  this  cxcipient.  The  mass  must  be  sufficiently  soft  to 
admit  of  molding,  but  on  the  other  hand  it  should  be  sufficiently 
consistent  not  to  lose  its  shape.  It  should  neither  harden  nor 
soften  nor  crumble  on  keeping. 

Method  of  Prfparatum. —  Ihe  ingredients  are  first  triuiraled 
to  a  fmc  powder.  In  case  crystalline  salts  are  used,  ihci^e  must 
firel  be  desiccated.  'Hie  excipient  is  then  added  in  small  por- 
tions and  thoroughly  triturated  with  the  powder  until  the  proper 
consistency  is  obtained.  If  accidentally  too  much  excipient  is 
added  this  can  be  remedied  by  the  addition  of  some  inert  powder, 
such  as  starch,  gum  acacia,  or  powdered  licorice.  A  great  many 
substances  may  be  used  for  cxcipicnts.  The  following  are  the 
most  useful : 

Liquid  yiAv//*/(r«/x.— Glycerid  of  acacia  or  tragacanth,  thick 
floiiT  paste,  glycerin,  syrup,  confections,  or  extracts. 

Soiid  Excif^ents. — Acacia,  tragacanth,  starch,  aUha:a,  licorice 
powder,  soap. 

For  chemicals  which  are  destroyed  by  organic  svibstances  the 
l>e>i  excipient  is  fonned  by  a  mixture  of  j>elroIatuni  and  kaolin. 

"ITic  weight  of  the  finished  pill  should  not  exceed  0.5  Gm.  (8 
grains). 

The  mass  having  been  formed  by  thorough  trituration,  it  is 
plaieil  on  a  glass  or  porcelain  slab  marked  with  eipial  divisions. 
It  is  well  to  put  a  little  dusting -powder  on  the  slab  to  prevent 
the  mass  from  sticking  toil,  The  best  dusting-powders  are  starch, 
lycopodium,  or  licorice,  according  to  the  color  of  the  pill  mass. 
This  raass  is  then  rolled  out  by  means  of  a  broad  spatula  into  a 
cylinder  of  uniform  diameter,  and  this  is  cut  with  a  sharp  knife 
into  the  retjuisite  numl>er  of  equal  parts.  'Iliese  are  formed  into 
si)herical  shape  by  rolling  them  between  the  thumb  and  the  first 
two  fingers.  The  finish  may  be  rendered  more  perfect  by  placing 
the  pills  with  a  liberal  amount  of  duMing-powdcr  in  the  lid  of  the 
ptU  box  and  gently  rolling  them  with  the  ball  of  the  thumb.     To 
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disguise  thu  taste  of  the  pills  one  may  make  use  of  various  coatings. 
The  most  popular  of  these  arc  the  sugar  and  the  gelatin  coalings. 
These  tan  only  be  well  done  on  a  large  scale.  For  the  foniicr, 
the  pilU  are  moistened  with  a  thick  syrup  and  rapidly  rotated  and 
dried  in  a  current  of  warm  air  until  they  acquire  a  sufficiently 
thick  coating  and  a  fine  polish.  The  latter  is  often  enhanced  by 
a  hiile  wax.  For  a  gelatin  coating  ihey  are  dipped  into  a  strong 
hot  solution  of  gelatin,  which  is  allowed  to  harden  in  the  air. 
When  it  is  desired  to  exclude  the  air  from  the  pills,  they  are 
sometimes  varnished  by  dipping  them  into  an  ethereal  solution 
of  tolu.  This  is  the  official  process  for  keeping  jihosphorus  pills. 
.A  still  finer  polish  may  lie  given  to  pilLs  by  raiting  them  with 
silver  leaf,  which  i.s  done  by  shaking  them  in  a  l>ox  with  silver 
foil.  All  of  thc^se  coatings  interfere  with  the  absorjition  of  the 
active  substances,  but  this  is  indeed  a  disadvantage  which  adheres 
even  to  the  uncoatcd  pill.  In  some  cases  it  is  highly  desirable 
that  the  pill  reach  the  intestinal  canal  without  any  change— 
namely,  when  we  desire  a  local  action  upon  the  intestinal  canal 
alone.  The  following  coatings  may  I>e  employed  for  this  pur- 
pose :  (i  )  Keraiin.  which  is  made  by  dissolving  goose-quill  in 
acetic  acid  or  sodium  hydrate,  (j)  Salol.  Both  of  these  are 
partly  dissolved  in  the  stomach.  (3)  Glutoid  capsules  have  also 
been  recommended.  They  are  gelatin  capsules  which  have  been 
hardened  in  formaldehyd. 

The  plluls  of  the  B.P.  are  pill-masses  (massa,  U.S.P.). 

The  composition  of  the  most  useful  pills  will  be  given  under 
their  respective  constituents. 

Troches  {trochisci )  are  made  by  punching  or  cutting  out 
cirrubir  or  oblong  disks  from  a  mass  made  up  from  the  active 
sulistance,  sugar^  and  mucilage.  These  are  then  dried  in  the 
air.  They  are  usually  intcnde<l  for  solution  in  the  mouth,  and 
are  most  popular  for  throat  medication.  They  are,  however, 
sometimes  used  instead  of  pills. 

Trochisci Santonini(!^gr.  ^^0.032 Gm.  U.S.P.,igrainB.P.). 

TaMet  triturates  are  small  troches  made  from  a  mass  of  sugar 
and  dilute  alcohol.  This  mass  is  spread  into  holes  in  a  special 
form  and  then  removed  from  these  by  means  of  a  die.  ITiey 
have  the  advantage  over  pills  of  a  very  much  greater  solubility. 

Compressed  tablets  are  made  by  compressing  the  sulwtance 
diluted  with  sugiir  or  sugar  of  milk.  The  material  must  lie  in 
granulated  form.  They  do  not  break  as  readily  as  the  Iriturates, 
but,  on  the  other  hand,  they  arc  not  as  soluble. 

Lamellse  i  B.P. )  are  thin  gelatin  disks,  softened  with  glycerin, 
and  impregnated  with  sulwtances  acting  on  the  pupil.  They  are 
intended  to  be  placed  under  the  eyelids. 


30.  Suppositories  arc  suitably  shaped  masses  of  solid. 


PfiSITORiES. 
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medicated,  fattj'  substances,  intended  for  introduction  into  the 
rectum,  vagina,  or  urethra.  They  take  the  place  of  ointments 
for  local  treatment  where  these  cannot  be  readily  applied. 

Suppositories  are  made  by  incorporating  ihe  medicinal  sub- 
stance into  a  suitable  base,  and  molding  inlo  masses  of  suitable 
shape  and  size.  The  ideal  l)ase  is  one  which,  whilst  solid  at  the 
ordinary  temperature,  is  melted  by  the  heat  of  the  body.  Such 
is  cacao-butter  (Oleum  'ITieobromatis ),  (xelatin  or  a  .soapy  base 
is  also  sometimes  used,  especially  with  urethral  suppositories,  for 
whi<rh  cacao-butter  would  be  too  brittle.  They  are  made  cither 
by  the  hot  or  cold  pro<e«>.  'ITie  hot  process  consists  in  melting 
^^^     cacao-buticr  at  a  temperature  not  exceeding  35"^  F.  and  adding 


Fig.  43, —Different  forms  uf  ^opjxjsilorics  (H.  Blair).  Natural  mzl*:  The 
Uigest  u  for  tue  in  the  vagitm  ;  ihc  cylinder  i&  a  urrthnil  DUppuutoT^  or  Unigie  ; 
the  othen  trt  T«riou»  ihspts  nnd  sixes  of  recul  suppositones. 

the  active  substances,  then  pouring  the  mixture  into  cold  molds. 
If  the  molds  are  sufficiently  cold,  the  finished  suppositories  can  be 
removed  without  any  difficulty.  It  is  usually  advisable,  however, 
to  employ  a  small  amoimt  of  dusting-powder.  In  the  cold  pro- 
ce»  the  active  substances  are  triturated  with  grated  cacao-V)Ulter 
ihth  the  addition  of  a  small  amount  of  castor  oil.  sufticient  to 
make  it  into  a  suitable  mass,  which  is  then  rolletl  out  and  flivided 
as  for  pills,  They  may  also  be  formed  by  pressure.  Suppository 
capiuUs,  whether  of  gelatin  or  of  cacao-butter,  largely  defeat 
the  object  for  which  suppositories  arc  employed.  They  arc,  how- 
ever, much  more  convenient  to  prepare  than  the  suppositories, 
and  may  suffice  when  the  object  is  merely  internal  medication. 
6 
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Glycerin  is  made  inlo  a  suppository  by  means  of  a  very  hard 
suaji  formed  from  jttearic  acid  and  sodium  carl>onate. 

The  wei|,'hi  of  suppositories  should  be :  I*'or  rectal  or  urethral 
use,  about  i  to  2  Gni.;  for  vaginal  use,  about  3  Gm. 

31.  Ointments  {i'ngiunUi)  arc  soft  fatty  masses  intended 
for  external  application.  They  consist  of  tlie  active  ingre- 
dient and  the  ba^c. 

The  base  of  ointments  is  formed  by  lard,  by  petrolatum,  by 
lanolin,  or  by  various  mixtures,  of  which  the  simple  ointment, 
consisting  of  4  parLs  of  lard  and  i  part  of  yellow  wax,  is  the  most 
ini[>ort;iiiit.  'I'he  base  niiist  vary  acLOrding  to  the  object  for 
which  the  ointment  is  employed,  whether  aljsorption,  protection, 
or  local  action  is  desired.  Petrolatum  (vaselin),  which  consists 
of  the  less  volatile  |xirts  of  petrolatum,  is  simply  protective, 
or  useful  as  a  vehicle  for  substances  intended  to  have  a  mere 
local  action,  since  it  is  not  alworbed.  Lanolin,  or  its  pharma- 
copccial  substitute,  Adeps  l-mtC  Hydrosus.  consists  of  a  mixture  of 
cholesierin-like  substances  ohiaincd  from  sheep's  wool.  It  is  verj' 
readily  absorbed,  does  not  become  rancid,  and  mixes  with  its 
own  weight  of  water.  This  latter  property  is  of  great  advantage 
when  it  is  desired  to  use  crj-statline  salts  in  ointment  form,  since 
these  can  l>e  incorporated  in  the  form  oi  solution,  making  a 
much  smoother  ointment.  Lard  is  the  cheapest  ointment 
material.  It  possesses,  but  in  a  lesser  degree,  the  advantages  of 
lanolin.  .\n  imiiortant  objection  to  it  rests  upon  the  fact  that 
it  becomes  ranci<l  very  rapidly.  This  tendency  can  1m;  greatly 
diminished  by  the  incorporation  of  antiseptic  substances.  Offi- 
cial Uenzoinated  Lard  is  an  attempt  in  this  direction. 

Ointments  are  prepared  by  fusion,  mechanical  admixture, 
and  cheraic  reaction.  In  mixing  oinunents  by  fusion,  that  con- 
stituent of  the  ointment  which  has  the  highest  nvelting-poini  is 
first  melted,  and  the  others  are  then  added  in  the  order  of  their 
melting-points.  The  active  substance  is  added  last,  to  obviate 
the  prolonged  action  of  heat  upon  it.  The  mechanical  admix- 
ture is  usually  done  on  a  slab  or  in  a  mortar.  It  is  needless  to 
say  that  powders  must  be  in  the  finest  stage  of  subdivision.  If 
the  quantity  of  powder  is  large,  it  is  usually  fiist  mixed  with 
some  of  the  melted  ointment. 

The  strength  of  the  more  imjiortant  official  ointments  is  as 
follows : 

U.S.P. 


Unguenluiu  Simplex  :  L^rd,  4 

yellow  wax,  1. 

"            Acidi  Carb<Jici 

5% 

'  A% 

■•              "      TRnnici 

ao?fc 

•'           Chr^'MU-obini 

5% 

'4% 

•'            Hydrargyri 

50% 

So% 

"             loHi 

5% 

S% 

"           lodofonni 

lOjt 

10^ 
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Cerates  (U.S. P.)  are  preparations  simitar  to  ointments  but 
of  a  finner  consistency.  They  are  made  from  a  mixture  of  wax 
and  Urd,  in  the  same  nianner  as  ointments. 

Cerate  of  rantharides  contains  lo^. 

32.  Plasters  are  made  by  spreading  on  a  thin  cloth  or  leather 
support  a  mass  or  Ixise  which  is  hard  at  an  ordinarj*  temperature, 
but  IS  softened  and  rendered  adhesive  at  ;he  temperature  of 
the  body.  The  base  is  fusefl  and  the  ai-tive  ingredients  incorpo- 
rated into  it  by  stirring.  Too  great  a  degree  of  heat  must,  of 
course,  be  avoided.  I'he  mass  is  then  usually  spread  upon 
pieces  of  linen,  muslin,  or  leather.  Plasteniserve  toalTord  pro- 
tection to  the  skin,  to  bring  together  the  edges  of  wounds,  or  to 
bring  a  drug  in  an  al>sorbab1e  medium  into  prolonged  contact 
with  the  skin.  Furthemiore,  the  resins,  ctt.,  which  frequently 
form  the  constituents  of  the  plaster  act  as  mild  counterirritaius. 
To  avoid  the  rather  excessive  irritation  resulting  from  the  con- 
finement of  the  secretions  of  the  skin,  plasters  are  now  frequently 
made  jioroas.  The  base  is  now  usually  made  of  rubber.  The 
tvpical  old  plaster,  however,  has  for  its  base  diachylon.  Burgundy 
pitch,  or  other  resins.  Diachylon  is  a  lead  soap  made  by  the 
boiling  together  of  litharge  and  olive  oil.  The  oil  is  decom- 
I>osed,  according  to  the  following  formula  : 

K:,H,(q,H„0,^.  f  3PbO  +  3H«  =  Pb,(C„U„0,\  +  3c;h,(ohv 

Plasters  are  now  usually  obtained  from  manufacturers,  and  are 
but  rarely  made  to  order.      Some  nia-sses  are  official. 

To  spread  the  plaster  the  cloth,  cut  to  the  proper  size  and 
shape,  is  tacked  on  a  board  and  the  mass  is  heated  and  spread 
evenly  with  a  trowel  or  spatula.  A  margin  half  an  inch  wide 
must  be  left  to  allow  of  handling.  Isinglass  plaster  is  made  by 
spreading  a  thick  solution  of  isinglass  on  silk. 

23.  Cataplasmata  {Pouitirfs). — These  are  used  mainly 
for  the  purpose  of  supplying  heat.  It  is  often  necessary 
to  give  a  patient  directions  for  preparing  them.  Linseed 
pouldces  may  be  taken  as  a  tyiie :  Pour  4  ozs.  of  linseed 
meal  into  10  02s.  of  boiling  water,  stirring  constantly. 
Spread  the  mush  thickly  on  a  piece  of  flannel,  fold  so  as  to 
form  a  sack,  and  apply  as  hot  as  can  be  conveniently  borne. 


TABLE    v.— STRENGTH    OF  PHARMACEITIC    PREPARATIONS. 

U.S. P.  Opium:  Tincture,  deodorized  tincture,  acelum,  and 
Dover's  powder  =  10^  ;  camphorated  tinctures  2  grains 
to  the  ounce  (=  0.4^). 

Dilute  AUohoi,  ^\%. 

Decoctions  and  Infusions^  5  ^ . 
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U.S.P.  Dilute  AcidSf   109&   (except  hydrocyanic  =  2<^  ;  and 

acetic  =  6%). 
U.S.P.  Tinctures,  2fo  to  50^  ;  mostly  20%. 
U.S.P.  Aceta,  10%. 
J^iuid  Extracts,  100%. 
Arsenic  Solutions^  i  % . 

TABLE  VL— DOSES  OF  PHARMACOPCEIAL  PREPARATIONS. 

Decoctions  and  infusions,  ^j  to  ^ij  (except  inflisum  digitalis, 
3ij  tosiv). 

Aquse,  ^ss  (except  ammonias  and  laurocerasi). 

Confections,  gij. 

Solid  extracts  :  Non -poisonous,  grs.  iij  to  x  ;  poisonous,  gr.  -^ 
to  ^2  (except  physostigma,  gr.  -^to  ^). 

Fluid  extracts  :  Non -poisonous,  jss  to  3J ;  poisonous,  ni]  to  xv  ! 

Liquors,  itlv  to  x  (except  alkaline  acetates  and  citrates,  Jj). 

Aromatic  oils,  n^^v. 

Spirits,  3SS  to  j  (except  glonoin,  m,]  to  v). 

Tinctures  :  Non -poisonous,  gss  to  jiss ;  poisonous,  th,x  to  xx  (ex- 
cept aconite,  n^ss  to  v ;  cantharides,  iodin,  and  strophan- 
thus,  ni,ij  to  x). 

Syrups,  3j. 

Wines,  gss  to  3J  (except  opium). 

Dilute  acids,  ttlv  to  xx  (except  dilute  hydrocyanic,  n\i)  to  iij. 

Liquid  opium  preparations,  n\,iij  to  xx  (except  camphorated 
tincture,  Sss). 

Liquid  arsenic  preparations,  n^iij  to  x. 

Mercuric  salts,  gr.  -^  to  -^. 

B.P.  Hypodermic  injection  (B.P.),  n|_ij  to  x. 

B.P.  Pilula  (B.P.),  gr.  iv  to  viij. 
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CHAPTER   lV.—{ConHauU) 
(B)  PHARMACEUTIC  ASSAYING. 

The  more  active  drugs  do  not  act  as  a  whole.  Tlieir  activity 
i$  due  only  to  certain  ones  of  their  constiluents,  lo  the  so-caJlcd 
"active  principles."  Our  knowledge  of  these  is  of  compara- 
tively recent  date.  In  1805,  Scrt»ierncr  isolated  ihe  active  j>rin- 
ciple  of  opium,  morphin,  and  thercbj  opened  up  a  brilliant  field 
for  investigation.  Similar  suljsiances  were  isolated  froni  other 
drugs :  Strychnin  from  nux  vomica,  alropin  from  belladonna, 
quinin  from  cinchona,  etc.,  and  soon  a  Ustof  ven-  active  chemic 
sul»tances,  the  Ki/imloitis,  was  compiled,  showing  a  general  simi- 
larity in  their  chemic  properties. 

Another  series  of  vcr>-  active  chemic  substances  was  soon 
added  to  these,  resemblmg  them  in  their  violent  action,  but 
totally  dissimilar  in  their  chemic  properties:  glucosids. 

These  alkaloids  and  glucosids  are  present  in  plants  in  more  or 
less  stable  chemic  combination,  and  are  more  or  less  soluble  in 
water  or  alcohol.  To  obtain  them  in  solution  as  free  as  possible 
from  inactive  matter  is  one  of  the  principal  aims  of  Galenic  phar- 
macy. But  even  when  these  solutions  arc  made  according  to  uni- 
fonn  formulas,  the  products  show  great  differences  in  the  amount 
of  active  ingretlients — differences  depending  partly  upon  varia- 
tions in  the  skill  and  care  of  the  operator,  partly  on  the  varia- 
tions in  the  crude  dnig.  Thus,  one  belladonna  extract  may  !« 
four  limes  as  strong  as  another,  and  yet  both  may  lie  made  after  I  he 
letter  of  the  Phamuicopo;ia.  As  this  variability  is  highly  undesira- 
ble in  the  case  of  powerfully  acting  drugs,  various  remedies  for  it 
have  been  devised.  The  most  radical  is  to  isolate  and  employ 
the  active  constituents  in  the  pure  condition  :  e.  ^.,  morphin  in 
Uie  place  of  opium.  But  in  certain  cases  preparations  of  the 
crude  drugs  are  for  various  reasons  more  desirable  than  the  iso- 
lated principles.  In  these  cases  it  must  be  aimed  to  estimate 
the  active  portion  by  either  chemic  or  physiologic  means.  Un- 
fortunately neither  is  an  easy  matter.  Slandardi/ation  i.s  at  the 
l>e*t  a  time-robbing  process,  requiring  considerable  apparatus  and 
skill,  and  in  many  cases  the  results  are  not  trustworthy.  Wiih 
many  substances,  especially  the  glucosids,  no  chemic  method  has 
been  devised.  In  other  cases  we  must  rest  content  with  the 
"  lotal  alkaloids,"  which  may  be  a  mixture,  the  parts  of  which 
may  even  show  an  antagonistic  action.  For  this  reason  physi- 
ologic tests,  among  the  easiest  and  most  accurate  being  the  toxic 
dose  per  gram  of  animal,  should  also  be  introduced. 
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The  U.  S.  Pharniacopceia  directs  chemic  assays  at  present 
only  with  three  drugs:  opium,  cinchona,  and  nux  vomica. 
It  is  to  be  expected,  however,  tliat  the  next  edition  will  con- 
tain many  more  instances.  The  process  depends  upon  the 
same  principle  as  tiiat  used  in  the  separation  of  alkaloids — 
/.  e..  difference  in  the  solubility  of  alkaloids  and  their  salts. 

To  illustrate  the  general  method  :  If  it  were  desired  to  deter- 
mine the  alkaloids  of  cinchona,  one  would  extract  the  drug  with 
acidulated  water.  The  solution  would  contain  the  alkaloidal 
salts,  tannin,  coloring-matter,  and  other  extrarlives.  Thissolu- 
tion  would  be  shaken  with  ether.  Thiswould  extract  resins,  etc., 
whereas  the  alkaloids  would  stay  in  ihe  watery  solution.  The 
latter  would  be  made  alkaline  by  ammonia  and  again  extracted 
with  ether  ;  the  alkaloids,  having  been  liberated  from  their  salts, 
will  pass  into  the  ether,  and  this  will  yield,  on  evaporation, 
almost  pure  alkaloids,  which  can  either  be  weighed  directly  or 
titrated  alkalimeirically. 

The  process  must  be  modified  in  each  particular  case. 
The  principles  arc  well  illustrated  in  the  method  of  determi- 
nation of  mori3hin  in  opium. 

Assay  of  Opium. — The  powdered  opium  is  first  macerated 
with  water.  The  purpose  of  this  macenilion  is  to  bring  the 
active  principles  into  .solution;  but  besides  the  morphin, 
there  pass  into  the  solution  tlie  other  alkaloids,  the  coloring- 
matter,  and  other  extractives,  such  as  jjum.  The  purpose 
of  the  subsequent  manipulations  is  to  separate  the  morphin 
in  pure  form.  The  addition  of  ammonia  will  precipitate  all 
the  alkaloids,  leaving  the  greater  part  of  the  coloring-matter 
and  extractives  in  solution.  The  problem  now  is  to  .sepa- 
rate the  morphin  from  the  alkaloids  that  have  been  precipi- 
tated with  it.  To  do  this.  ad\fantage  is  taken  of  the  fact 
that  morphin  is  comparatively  in.snluhle  in  alcohol  or  in 
ether.  The  solubility  in  alcohol  is  i  p^irt  in  300  ;  in  ether, 
I  part  in  4000.  The  other  opium  alkaloids  are  quite  soluble 
in  these  solvents  ;  for  instance,  narcotin  requites  but  80 
parts  of  alcohol  or  35  [>arts  of  ether  for  solution. 

This  fact  is  also  taken  advantage  of  in  the  preparation  of  the 
deodorized  tincture  of  opium,  where  the  narcotin,  etc.,  are  re- 
moved by  treating  the  tincture  with  ether. 

The  separation  is  therefore  accomplished  by  treating  the 
precipitate  with  alcohol  and  then  with  ether,  both  of  which 
also  remove  some  coloring-matter  that  has  been  carried 
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down  with  the  precipitate.  Since  ordinar)''  alcohol  would 
absorb  some  of  the  nioq>hin,  the  alcohol  wliich  Ls  used  for 
this  washing  has  been  previously  saturated  with  the  pow- 
dered alkaloid. 

The  dHaiis  of  the  process  are  the  following  (U,  S.  P.)  : 
Introduce  10  Gm.  of  opium  in  powder  or  in  small  pieces 
into  a  bottle  having  a  capacity  of  about  300  c.c.  Add  100 
cc  of  water,  cork  it  well,  and  agitate  it  frequently  during 
twelve  houi-s.  Then  pour  the  whole  as  evenly  as  possible 
upon  a  filter  Iiavin^  a  diameter  of  12  cm.,  and  when  the 
liquid  has  drained  oflT.  wash  tlie  residue  with  water,  care- 
fully drop[>cd  upon  the  cd^es  of  Uie  filter  and  the  contents, 
until  150  c.c.  of  filtrate  are  obtained.  Then  carefullj'  trans- 
fer the  moist  opium  back  to  tJie  bottle  by  means  of  a  siia- 
tula.  add  50  c.c.  of  water,  agitate  thoroughly  and  repeatedly 
during  fifleen  minutes,  and  return  the  whole  lo  tlie  filter. 
When  the  liquid  has  drained  off,  wash  the  residue  ;is  before 
until  the  second  filtrate  measures  150  c.c,  and  finally  col- 
lect about  20  c.c.  of  a  third  filtrate. 

Tlic  pur^iosc  of  these  rej»calt-d  washings  is  to  remove  the  ex- 
twct  which  is  retained  in  the  intcrstiees  of  the  marc. 

Kvaporatc  in  a  capsule  first  the  second  filtrate  to  a  small 
volume,  then  add  the  first  filtrate,  rinsing  the  vessel  with 
the  third  filtrate,  and  condnue  the  evaporation  until  the 
residue  weighs  14  Gm. 

The  weak  extracts  arc  evaporated  first,  so  as  not  to  expose  the 
main  nuLss  of  the  alkaloid  to  a  prolonged  heat,  which  would 
injure  it. 

If  the  ass;iy  were  on  the  tincture,  this  would  first  be  evapo- 
ntcd  to  a  small  bulk.  This  would  have  the  double  purpose  of 
concentrating  it  and  of  removing  the  alcohol.  The  resins  which 
had  been  dissolved  in  the  latter  would  therefore  be  precipitated, 
and  rould  Iw  remove*!  by  filtration.  The  remainder  of  the  pro- 
cess is  the  sante  as  that  for  crude  opiiun. 

The  extracts  having  been  eva|x>rated  to  14  Gm.,  the 
(wnccntratcd  solution  is  rotated  about  in  the  capsule  until 
the  rings  of  the  extract  arc  rcdissolved.  The  liquid  is  then 
poured  into  a  tared  Krlenmcycr  flask  having  a  capacity  of 
about  too  c.c.  The  capsule  is  rinsed  with  a  few  drops  of 
water  at  a  time  until  tlie  entire  solution  weighs  20  Gm. ; 
then  add  10  Gm.  of  alcohol,  shake  well  and  add  35  c.c  of 
ether,   and   shake  again.     Now  add  3.5   c.c.  of  ammonia 
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water  (lO^)  from  a  graduated  pipette  or  burette  ;  stopper 
the  flask  with  a  sound  cork,  shake  it  thoroughly  during  ten 
minulcs,  and  then  set  it  aside  in  a  moderately  cool  place  for 
at  least  six  hours  or  overnighL 

Ammonia  is  used  because  the  morphin  is  less  soluble  in  excess 
of  this  than  in  KOH,  or  NaOH  ;  nevertheless  a  large  excess 
must  l>e  avoided,  and  the  directed  quantity  is  important.  The 
alcohol  and  ether  arc  added  to  dissolve  out  all  the  alkaloids  and 
extractives  except  the  morphin. 

Remove  the  stopper  carefully,  and  should  any  crystals 
adhere  to  it.  brush  tlicin  into  the  flask.  Place  in  a  small 
funnel  two  rapidly  actinj^  filters  of  a  diameter  of  7  cm., 
folded  one  within  the  other,  the  triple  fold  of  the  inner 
filter  being  laid  against  the  single  side  of  the  outer  filter. 
Wet  them  well  with  ether. 

If  any  water  should  get  on  the  filter  accidentally,  the  ether 
would  not  run  through  it. 

Decant  the  cthcical  solution  as  completely  as  possible 
upon  tile  inner  filter,  add  lO  c.c.  of  ether  to  the  contents 
of  the  flask,  rotate  it,  and  again  decant  the  ethereal  solution 
upon  the  inner  filter.  Repeat  this  operation  with  another 
portion  of  10  c.c.  of  ether;  then  pour  into  the  filter  the 
licjuid  in  the  fla.sk  in  portions  in  such  a  way  as  to  transfer 
the  greater  portion  of  the  crystals  to  the  filter.  When  this 
has  pas.sed  through,  transfer  the  remaining  crystals  to  the 
filter  by  wasiiing  the  flask  with  several  portions  of  water, 
u.'iing  not  more  than  about  to  c.c.  in  all.  Allow  the  double 
filter  to  drain,  then  apply  water  to  the  cn'stals  drop  by 
drop  until  they  are  practically  free  from  mother-water,  and 
afterward  wash  tliem  drop  by  drop,  from  a  pipette  witli 
alcohol  previously  saturated  with  powdered  morphin.  When 
this  has  passed  through,  displace  tlie  remaining  alcohol 
with  ether,  using  about  10  c.c,  or  more  if  necessary. 

This  should  be  done  <|uickly,  as  the  ether  is  to  prevent  the 
alcohol  from  evaporating  and  leaving  its  morphin. 

Allow  the  filter  to  dry  in  a  moderately  warm  place,  at  a 
temperature  not  e.vcecding  60°  C,  until  its  weight  remains 
stationary.  Then  carefully  transfer  the  crystals  to  a  tared 
watch-glass  and  weigh  them.  The  weight  found,  multiplied 
by  10,  represents  the  percentage  of  crystallized  morphin 
obtained  from  the  opium. 
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In  estimating  other  alkaloids,  as  in  cinchona  or  extract 
of  nux  vomica,  use  is  made  of  immiscible  solvents.  The 
alkaloid  is  dissolved  out  by  acidulated  water,  precipitated 
by  the  addition  of  an  alkali,  and  this  mixture  is  tlien  shaken 
with  chloroform,  whicii  is  allowed  tu  separate  and  removed 
by  a  separating  funnel.  The  alkaloid  in  this  chloroformic 
solution  is  then  estimated,  either  by  cvap<iratinp  the  solution 
(cinchona)  or  else  by  determining  its  alkalinity  (nux  vomica). 

Keller's  Mtl/tcd. — Another  method  which  has  not  so 
far  been  adopted  in  the  Phannacopceia.  but  which  gives 
promise  of  good  results,  is  that  devised  by  Keller.  The 
principle  of  the  method  is  the  following:  The  drug  in 
powder  i«  put  with  ether  or  a  mixture  of  ether  and  chloro- 
form— liquids  which  penetrate  the  drug  with  great  readiness. 
An  alkali  is  added  so  as  to  liberate  the  alkaloids  and  cause 
them  to  dissolve  in  the  ether  Sonic  water  is  then  added 
and  a  part  of  the  ethereal  s«^lution  is  decanted.  The 
alkaloids  of  this  solution  arc  taken  up  by  acidulated  water, 
again  Uberated  by  alkali,  dissolved  in  ether  or  chloroform, 
and.  finally,  obtained  in  substance  by  the  evaporation  of  the 
solvent. 

The  advantages  of  this  process  are,  firstly,  that  it  does 
bt  require  any  complicated  apparatus ;  a  few  separating 
annels.  flasks,  medicine  vials  rnnd  graduated  cylinders,  and 
a  small  distilling  apparatus  sufHce  :  secondly,  it  is  possible 
to  complete  the  examination  of  the  drug  in  a  i^w  hours; 
and,  thirdly,  it  gives  the  alkaloids  in  a  greater  degree  of 
purity  than  any  of  the  other  methods.  This  is  due  to  the 
feet  that  alcohol  is  entirely  avoided  and  that  alkalies  and 
acids  act  only  at  the  ordinary  temperature,  and  for  so  short  a 
time  that  no  alteration  of  the  alkaloids  need  be  feared. 

The  following  are  the  dctaUs  of  the  method  ;  A  quantity 
of  the  drug  weighing,  according  to  its  richness  in  alkaloids, 
from  ro  Gm.  to  25  Gm.  is  taken.  This  should  be  in  a  fairly 
fine  powder  and  thoroughly  dried  at  a  low  temperature ; 
best  of  all,  in  a  desiccator.  The  extraction  is  done  in  a 
medicine  glass  of  a  content  of  200  to  300  c.c.  The 
cxtractant  is  pure  ether,  or  a  mixliire  of  75  to  80  jjarls  of 
ether  with  25  to  20  parts  of  chloroform.  It  usually  suf- 
fices to  macerate  the  drug  for  five  to  ten  minutes  with  the 
solvent,  uith  occasional  shaking,  before  adding  the  alkali. 
In  a  few  cases  it  is  necessary  to  first  remove  the  fat  by 
extraction  with  ether  in  an  ordinary  funnel,  or  in  a  Soxhlet 
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apparatus.  Aqua  ammonia  of  loj^  is  taken  as  the 
alkali.  After  tlic  addition  of  the  alkali  the  vial  must  be 
thoroughly  shaken  \'ot  a  short  time  so  that  the  drug  is 
moistened.  The  maceration  is  then  continued  with  occa- 
sional shaking  during  half  an  hour.  A  certain  quantity  of 
water  is  now  added  ;  this  quantity  varies  for  the  different 
drugs.  If  the  mixture  is  now  shaken  violently  during  two 
or  three  minutes,  the  powder  will  be  found  to  become 
agglutinated,  and  the  greater  part  of  the  ether  solution  can 
be  decanted  perfectly  clear.  l(  any  difficulty  should  arise 
in  decanting  the  proscribed  quaiility,  as  much  as  possible 
of  the  ether  is  poured  off,  the  flask  is  a^ain  corked  and 
shaken  while  in  a  horizontal  position,  and  allowed  to  lie 
quietly  for  a  sliort  time.  In  this  way  it  is  always  possible 
to  iibtiiiti  tiie  required  ijuantit)'.  This  ethereal  solution 
contains,  besides  the  alkaloids,  some  fat.  wax,  resin,  color- 
ing-matter, and  other  extractives.  To  remove  these,  it  is 
shaken  in  a  separating  funnel  with  three  successive  portions 
of  25,  15,  and  :o  c.c.  of  dilute  hydrochloric  acid  of  the 
strength  of  o.$^-  to  l  f^.  The  acid  watery  solutions  are 
again  poured  into  a  separating  funnel,  made  alkaline  with 
ammonia,  and  extracted  at  once  with  a  mixture  of  3  parts 
by  weight  cjf  chloroform  and  2  parts  of  ether  or  with  pure 
ether.  It  is  best  to  add  the  solvent  first  and  then  the 
ammonia;  about  lOO  Gm.  of  the  solvent  will  be  required. 
This  extraction  can  be  done  quite  rapidly.  The  pure  ether 
is  somewhat  more  difficult  to  handle,  but  gives  better 
results  than  the  mixture.  The  united  solutions  are  allowed 
to  stand  for  a  short  time  and  then  filtered  through  a  small 
filter  moistened  with  ether  and  the  solvent  is  distilled  off. 
The  alkaloids  can  then  be  weighed  directly,  or,  best  of  all» 
he  titrated  alkalimctrically  after  solution  in  alcohol,  using 
hematoxylin  as  indicator. 
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CHAPTER  \V,—{CoNtinu€d.) 

(C)   TABLES   OF   INCOMPATIBILITIES  AND 
SOLUBILITIES. 

I.  INCOMPATIBILITY. 

This  is  a  subject  usxially  very  confusing  to  the  student,  since  it 
consists  of  what  appears  at  first  sight  a  vast  array  of  details. 
However,  it  rests  only  upon  an  application  of  the  ordinary  chemic 
reactions,  and  when  the  latter  have  been  mastered,  the  subject  is 
comparatively  c3&\  and  simple.  It  niay  be  laid  down  as  a  gcn- 
Cial  mle  that  substances  are  incompatible  if  they  are  used  in 
'anng  for  each  other  or  if  they  form  antidotes. 

In  the  following  compilation  it  has  been  attempted  to  arrange 
the  incompatibilities  into  general  groups. 

IncompatibUity  is  said  to  exist  when  tiu  constituents  of 
a  mix.'urc  int^rjefi:  with  one  anot/wr  in  a  way  not  intended  by 
thf  prescriber. 

If  such  an  inlerferencc  is  intentional,  it  i.s  called  an  inten^ 
tionai  mcomptUibdtty,  as  in  the  prepamtion  of  >cllow  wash. 

When  it  consists  in  a  precipitation  of  the  substance  by  a 
change  in  the  solvent,  or  wlien  a  chemic  incompatibihty 
docs  not  interfere  with  the  active  substance,  but  produces 
an  unsijjhtly  appearance,  it  \^  pharmaceutic. 

Wiien  without  causing  any  chemic  changes  it  interferes 
Mritb  the  physiologic  action  of  the  ingredients,  it  is  thera- 
peutic. 

TABLE    VIL— THE    MOST   IMWRTANT    INCOMPATIBILITIES. 
ARRANGEH    BY   GROIPS. 

IncompatibUity, — (A)  Chemic  :  (B)  Pharmaceutic ;  (C) 
Therapeutic. 

(A)  Chemic  Incompatibility. — (I)  Explosive  ;  (11)  Pre- 
cipitation ;  (III)  Production  of  body  with  undcsired  proper- 
ties. 

I.  Explosives. — 

1.  Spontaneously  inflammable  substances  (phosphorus). 

2.  Substances  which  explode  on  heating  (KCIO,). 

J.  Substances  which  explode  on  mixing  (3).     (See  below.) 
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4.  Substances  which  cause  a  more  gradual  evolution  of  gas  (4). 

5.  Substances  which  cause  an  evolution  of  heat  (H^SO^  and 
water). 

6.  Substances  which  should  be  guarded  from  fire  (ether,  alco- 
hol, benzin,  collodion,  turpentine,  camphor,  essential  oils,  etc.). 

3.  Substances  which  explode  os  mixing  :  1 

(a)  Substances   contaim'ti^   loosely   cornbined  oxygen^    such 

as:  Chromic  acid;  Concentrated  nitric  acid  and 
nitrates ;  Permanganates ;  Chlorates,  bromates^  or 
iodates  (in  order  of  violence) — 
with  easily  oxidizalile  substances,  such  as:  All  or- 
ganic substances;  Sulphur,  sulphids,  sulphites,  and 
hyposulphilcs ;  lodJii  and  iodids ;  Phosphorus, 
phosphites,  and  hypophosphites  ;   Reduced  iron. 

(b)  lodin  (with  any  oxidizing  agent);  also  with  Ammonia 
or  turpentine. 

(f)  Chiorin:  with  NH.CI. 

4.  Substances  which  cause  a  gradual  bvohttion  or  oas: 

If  CI  with  HNO^. 
Strong  acids  with  KCIO,  (CI ). 
Strong  acids  with  alcohol  (ethere). 
^eids  with  carbonates  (CO,). 
Acids  ^ffi^h  sulphids  (H,S). 

II.    Incompatibility  by  Precipitation. — 

I.  The  following  Inokganic  Basils  or  their  salts  precipitate 
the  following  Inorganic  Acids  or  their  salts  : 

(a)  Sa/ts  of  metals  and  earths  are  precipitated  by  HO, 
O,  CO,,  P,0„  BO„  oxalic  acid,  and  the  correspond- 
ing salts  of  alkalies. 
(*)  Salts  0/ Metals :  by  the  above  salts  of  earth, 
(f)  Salts  of  metals  :  by  mercury  salts. 

1  EXPLOSIVE  MIXTURES: 

Exploaions  will  only  occur  wbcn  the  kubstanccs  arc  dry,  or  at  least  ocMl* 
ceotrated,  and  when  lliey  nrc  heilcd  or  pc^cu^u^d. 

/>(/«/<■  icluiicni  ititiy  be  [DLicd  wiUiuul  dauber  if  not  bemted.  Glycerin, 
ptienol,  and  in  some  coses  alcoliol,  behave  liltc  Aty  solids. 

I'ermiinganaic  of  pota.sh  or  chromic  acid  or  nitrate  of  silver  will  decompoM 
organic  substances  even  in  solution,  but  in  ibis  case  without  explosioti. 

Powdert  may  be  mixed  without  coitctuMon,  but  even  this  should  be  aroidc<L  1 
since  conditions  farombte  (o  explosion  may  nriee  after  they  leave  the  hands  o(  ^ 
the  dispenser. 

puis  containing  theie  easily  decomposed  subsUoces  arc  beit  made  with 
inorganic  excipienl  (clay  and  vtuelin). 

Substances  contamiiig  loosely  combined  oxygen  may  explode  on  concussion 
or  beat  when  no  reducing  substances  have  been  lulded  ;  this  is  due  to  their  con- 
taining dust  or  other  organic  matter.     They  should  thervfore  be  handled  with 
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(O  Salts  ofAg,  Hg  {ems),  Pb,  Bi,  Sb :  by  CI,  Br,  I. 
le)  Salts  o/Agy  Hg  {ous),  Pb,  Bi,  Sb,  Ca,  Sr,  Ba  :  by  SO,. 

2.  The  following  Salts  of  Metals  precipitate  the  following 
Organic  Substances: 

(a)  All  metallic  salts  :  proteids,  gelatin,  tannin,  acacia. 
(^)  .SeTM^ffr^/a/AV  j-aZ/j  (especially  double  salts):  alkaloids, 
(f )  Silver  salts :  all  organic  substances. 
((/ )  Iron  salts :    salicylic  or  carbolic  acid   or  their  salts 
produce  a  purple  color. 

3.  Organic  Substances  :  The  following  incompatibilities  by 
precipitation  are  important : 

(a)  All  are  incompatible  with  oxidizing  agents  (compare 

explosives)  and  with  silver  salts. 
(^)  Alkaloids,  proteids^  gelatin,  and  tannin  are  precipitated 
by  each  other,  and  by 

Many  metallic  salts,  especially  mercuric. 
Double  iodids  and  free  iodin. 
Picric  and  salicylic  acid, 
Alkaloidal  salts,  in  addition,  by  free  bases  and  carbon- 
ates. 
Strychnin  salts,  by  bromids  and  iodids. 
Acacia,  by  alcohol,  borax,  Tr.  ferri  chl. 
(r)  Antipyrin :  by  same  precipitants  as  alkaloids. 
By  KI. 

Fe,Cl,  =  reddish  color. 
Spirits   of  nitrous  ether  =  green  color  or 
precipitate. 
(^)  Chloral:  when  in  alcoholic  solution  by  strong  solutions 
of  salts,  especially  bromids. 
Alkalies  cause  decomposition. 
Camphor,  in  dry  state  =  liquefaction. 
(e)    Salicylic  acid  by  iron  salts. 
Iodids. 
Alkaloids. 
Salicylates  by  free  acids, 
(y)  Tannin  by  metallic  salts.  * 
Alkaloids. 

Gelatin  and  albumin. 
Carbonates. 


>  The  incompatibility  of  tannin  wiik  iron  is  especially  important,  since  it  11 
often  desirable  to  admiDister  iron  salts  with  a  bitter  substance.  Practically  the 
only  tannin-free  bitters  are  Calumia,  Quassia,  and  alkaloids. 

De-tannaled  preparatioiu,  such  as  the  Elixir  of  Geniian  N.F.,  may  also 
be  employed. 
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111.  Production  of  a  Substance  with  Undesired   Proper- 
ties.— 

(a)  lodids,  Bromids,     with  strong  mineral  acids  or  strong 

lodates,  Bromates,  oxidizing     agents,    such     as 

Chlorates:  KCIO,,  H,0„  HNO,,  KMnO 

=  production  of  I,  Br,  or  CI. 

{A)  Glucosids  with  acids. 

(<■)   Chloral  with  alkalies. 

(B)  Pharmaceutic  Incompatibilities. — 

1.  .^/f(7^(?/ should  not  be  added  to: 

Acacia,  gelatin,  proteids,  emulsions,  strong  salt 
solutions. 

2 .  Water  should  not  be  added  to : 

Alcoholic  liquids  in  general  (such  as  tinctures, 
spirits,  fluid  extracts). 

Ethereal  liquids  (oleoresins),  oils. 

(Carbolic  acid  should  not  be  mixed  with  collo- 
dion. ) 

3.  Glycyrrhiza  and  acids. 

The  following  drugs  are  almost  universally  incompatible t  and 
should  therefore  be  prescribed  alone,  if  possible  : 
Strong  mineral  acids, 
HgCl,, 
KI, 

AgNO,, 
Pb(C,H,0,)„ 
KMnO., 
Alkaloids, 
Tannin. 

(C)  Therapeutic  Incompatibility. — 

For  example  :  Pilocarpin  and  atropin. 


II.  SOLUBILITIES. 

It  is  well  to  have  a  general  idea  of  the  solubility  of  the  sub- 
stances usually  prescribed.  The  subjoined  compilations  will  be 
found  useful  in  this  connection.  A  knowledge  of  analytic 
chemistry  and  of  incompatibilities  can  also  be  utilized  here,  for 
a  substance  appearing  as  a  precipitate  is,  of  course,  relatively 
insoluble. 
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TABLE   VIII— GENERAL   SOLUBILITY   OF  SALTS   IN  WATER. 

Only  thoM  commooly  prescribed  are  included  (not  those  which  are  formed 
only  in  incompatible  prescriptions). 

I.  Arranged  by  Acids. — 

Group  A  :  Salts  Mostly  Soluble. — 

1.  Acetates  and  Nitrates :  all  soluble. 

2.  /r(z/(7^*«^<?«/ (=iodids,  bromids,  and  chlorids):   Soluble, 

except  Ag;  Hg  (ous)  ;   Pb  ;  Bi. 

3.  Sulphates:   Soluble,    except   Pb  and   Ba ;    Ca   sparingly 

soluble. 

4.  Tartrates  and  Citrates  :  mostly  soluble. 


Group  B :  Salts  Mostly  Insoluble. — 

I.  Arseniates 
Arsenites 
Carbonates 

Hydrates  {Ca^  sparingly  soluble)  I  Insoluble,  except  those 
Oxids  I      of  alkali  metals. 

Oxalates 
Borates 
Phosphates 


n.  Arranged  by  Base. — 

The  salts  considered  in  this  table  are  :  Acetates  (Ac),  Halo- 
gens (H),  Oxids  (O),  Sulphates  (SOJ,  Phosphates  (PA)» 
Oxalates  (Ox),  Carbonates  (COJ,  Sulphids  (S),  Nitrates  (NO,), 
Citrates  (Ci).     Hydrates  agree  with  oxids. 

Those  of  the  above  salts  which  are  not  mentioned  with  the  re- 
spective base  are  insoluble. 

1.  Alkali  Metals  (=  Na,  K,  NHJ  :  all  soluble. 

2.  Lithium  :  Soluble,  except  O  and  CO,,  sparingly  soluble, 
and  PjOj,  insoluble. 

3.  Afg,  Al:  Soluble  :  NO,,  Ac,  H,  Ci,  SO.,  S,  O. 

4.  Ca,  Ba,  Sr:  Soluble:  NO,,  Ac,  H,  Ci,  S;  O,  SO., 
sparingly. 

Zn,  Mn,  JVi,  Co,   />|  Soluble:    NO,,    Ac,    H,  Ci,    SO, 
^'  Ifg:  (/V),  Cu,  Sn  \      (mercuric  iodid  is  insoluble). 

6.  Bi,  Sb :  NO,,  Ac,  H,  sparingly  soluble. 

7.  ffg{ous),  Ag,  Pb:  Soluble:    NO,,  Ac. 
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m.  Solubilities   of  Important  Substances  in  Usual 
Solvents. — 

At  15"  C.  (60°  F.)  one  part  of  the  substance  dissolves  in  : 


J 

2 

J 

9C 

H 

u 

H 
•< 

0 

£ 
0 

< 

i 

.J 
0 

i 

1 

0 

u 

0 

Acid,  boric  .    .    . 

25 

15 

10 

Pot  chlorate  .   . 

16.7 

sp. 

"      carbolic 

so 

freely 

freely 

"     iodid  .   .   . 

0-75 

18 

"      tannic    .    , 

I 

0.6 

2 

Quin.  sulphate   . 

740 

65 

Alum               .    . 

9 

insol 

2-5 

'■     bisulpfaate 

10 

33 

Amm.  chlorid     . 

3 

sp.  sol 

AgNO,   .... 

0.6 

36 

Tartar  emetic  .    . 

17 

insol 

Sod,  acetate    .    . 

1.4 

30 

Antipyrin    .    .    . 

I 

I 

"    bicarbonate 

"•3 

insol 

n 

Chloral    .... 

V.  s. 

V.  s. 

V.  s. 

"    borate     .   . 

16 

insol 

2 

lodin 

5000 

10 

50 

"    bromid    .    . 

1.2 

13 

HgCl,     .   .   .   . 
Hg.cl,  .    .    .   . 

16 

3 

4 

"    iodid 

0.6 

3 

insol 

insol 

'  <    salicylate    . 

0.9 

6 

Morph.  sulph.    . 

21 

702 

Strychn.  sulph.  . 

50 

109 

Pot.  acetate    ,    . 

0.4 

Zinc  sulphate 

0.6 

insol 

"     bromid    .    . 

1.6 

200 

V.  S.  =  very  soluble.     Sp.  =  sparingly  soluble. 

IV.  strength  of  Watery  Solution,  in  which  commonly- 
used  salts  may  safely  be  prescribed. — (It  must  be  re- 
membered that  where  several  salts  are  prescribed  in 
the  same  mixture,  the  solubility  of  each  is  apt  to  be 

lowered.) 

1.  3iv  />/  wa/er  q.  s.  gj :  Tannin  ;  Antipyrin  ;  Pot.  or  Sod. 
Acet.  orCitr.;  KI ;  AgNO, ;  Na  or  KBr  ;  Sod.  Salicyl;  NH,C1, 
ZnSO^,  Chloral. 

2.  giss  in  water  q.  s.  5] :  Alum,  Quin.  Bisulph.;  NaHCO,. 

3.  5SS  in  wafer  q.  s.  %]  :   KCIO, ;  Na,^BO^ ;  Tartar  Emetic. 

4.  In  water  q.  s.  gj : 

Acid.  Carbolic,  gr.  xxv. 
Morphinje  S.       gr.  xx. 
Acid.  Boric.        gr.  xv. 
Strychn.  S.  gr.  v. 

Quin.   S.  gr.  ss. 

V.  Solubility  in  Different  Media. — 

As  a  general  rule,  inorganic  substances  are  more  soluble  in 
water  than  in  alcohol. 

Basic  alkaloids  are  insoluble  in  water,  more  soluble  in  alcohol. 
Alkahidal  salts  are  soluble  in  either  alcohol  or  water. 
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Gums  are  soluble  in  water,  insoluble  in  alcohol.  Resins  and 
essential  oils  are  the  reverse, 

(In  making  mixtures,  it  must  be  remembered  that  spirits,  tinc- 
tures, and  fluid  extracts  all  contain  alcohol. ) 

Glycerin  stands  intermediate  between  alcohol  and  water  as  a 
solvent 

The  following  substances  are : 

/.  Practically  insoluble  in  water :  lodin,  calomel. 

2.  Soluble  in  water ^  but  almost  insoluble  in  alcohol:  Alum, 
NH^Cl,  KCIO,,  tartar  emetic,  ZnSO^. 

J.  Muck  more  soluble  in  glycerin  than  in  water :  Boric  acid, 
alum,  carbolic  acid,  HgCl,. 


CHAPTER  V. 

OUTLINE  OF  TOXICOLOGIC  ANALYSIS. 

It  is  not  purposed  to  give  a  complete  account  of  the  subject 
in  this  chapter,  for  this  would  require  a  separate  volume  or 
more.  Nor  is  it  necessary  for  any  one  but  a  specialist  to  possess 
such  a  knowledge.  No  one  who  has  not  had  considerable  prac- 
tice in  this  cla^  of  work  should  undertake  to  give  testimony 
which  may  decide  the  life  of  a  prisoner.  However,  every  phy- 
sician should  know  the  general  outline  of  the  process  emi)loyed, 
so  that  he  may  judge  the  work  of  others  intelligently. 

Since  the  material  to  be  analyzed  is  usually  limited  in 
amount,  and  cannot  be  replaced,  a  toxicologic  examination 
must  be  arranged  in  such  a  way  that  as  many  tests  as  pos- 
sible may  be  made  successively  on  the  same  portion.  Con- 
sequently, the  first  operations  must  be  of  such  a  nature  as 
not  to  interfere  with  subsequent  tests.  The  symptoms  often 
give  a  clue  to  the  poison.  This  does  not  di.spense  with  a 
complete  examination,  but  helps  to  fix  the  attention  on  the 
most  likely  substance. 

If  the  symptoms  have  not  been  of  a  kind  to  give  definite 
suspicion  of  some  one  substance,  the  reaction  of  the  sample 
is  to  be  tested.  If  this  is  not  markedly  acid  or  alkaline, 
it  is  not  necessary  to  search  further  for  corrosive  acids  or 
alkalies;  and  if  these  are  not  found  in  the  stomach,  it  is 
not  necessary  to  examine  other  organs  for  them. 
7 
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I.  Distillation  from  Acidulated  Solution. — The  next 

operatiun  is  to  distii  tin:  li<j|Uul  .iltcr  making  it  faintly  acid. 
The  best  acid  for  tliis  purfjuse  is  Uirtaric,  using  just  enough 
to  give  a  distinctly  acid  reactinn.  The  principal  substances 
which  arc  to  be  found  in  this  distillate  arc :  phosphorus, 
hydroc)'amc  acid,  the  various  mt-nibers  of  the  alcohol 
group,  i.  ('.,  alcohol,  chlorotorm,  ether,  chloral,  or  any  of 
the  higher  alcohols  ;  the  volatile  members  of  the  coal-tar 
series,  of  which  carbolic  acid,  nitrobeiizol,  and  anilin  would 
have  the  greatest  practical  importance.  In  this  distillate 
might  also  be  found  essential  oils. 

The  heat  use<l  for  this  distillation  would  be  dcstnictivc  to  a 
few  poisons,  such  as  loxalbuniias,  and  these  would  have  to  be 
demonstrated  in  the  original  liquid  by  life-tests. 

If  phosphorus  is  suspected,   the    method    of  distillation 
must  be  modified,  introducing  much  complication ;  conse- 
quently it  is  well  to  test,  first  of  all, 
-  — ^  by  a  prciiminary  test,  whether  phos-i 

f  1  phorus  is  absent  or  may  be  present' 

T  f  \  This  is  done  by  moistening  a  strip 

of  filter-paper  with  silver  nitrate,  and 
another  with  lead  acetate. 


r 


'I'hese  are  to  he  exposed  to  the 
\'apors  arising  from  the  liquid,  by  in- 
serting ihem  into  a  flask  at  the  side  of 
the  rork.  If  this  is  allowed  to  stand, 
even  in  the  <,old,  the  silver  paiier  will 
turn  black  in  the  presence  of  j)hos- 
phonis.  This  can  lie  still  fiirther  hast- 
ene<I  by  heating;.  Of  course,  ])hos- 
phonis  is  not  the  only  substance  which 
blackens  silver  nitrate  paper  ;  conse- 
quently the  test  is  onlya  negative  one ; 
that  is.ifthcre  is  no  blackening,  wc  may 
be  sur^:  that  we  have  no  phosphorus. 
The  lead  acetate  pajier  serves  to  elimin- 
ate some  of  these  substances,  the  principal  of  which  is  hydrogen 
sulphid,  for  it  is  blackened  by  H^S,  but  not  by  phosphorus.  If 
both  papers  are  blackened,  the  proof  is  not  at  all  positive  thai 
phosphorus  is  present ;  but  if  the  silver  nitrate  paper  is  blackened, 
and  the  lead  acetate  is  not,  the  probability  of  phosphorus  being 
present  is  greater. 

The  usual  method  employed  in  testing  for  pho: 


Fig.  44. — ^lOlidwUdi  appa 
imltu. 


I 


rsphorus  is 
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the  Mitsclierlich  apparatus,  which  consists  of  a  distilling  ap- 
paratus with  ail  upright  condenser  (Kig.  44).  The  acidu- 
lated solution  is  distilled  in  this  apparatus  in  a  darkened 
room,  and  if  phosphorus  is  present,  a  luminous  ring  is  formed 
in  the  condenser. 

There  are,  however,  quite  a  number  of  sulistances  the  presence 
of  which  interferes  with  the  fomwtion  of  this  ring.  Almost  any 
volatile  substance  inay  do  so :  tiir|jentine,  chloroform,  ether, 
alcohol  ;  and  alcohol  is  often  present,  as  it  is  usually  given  as  an 
pitidotc. 

The  absence  of  tlie  ring  does  not.  therefore,  prove  the 
absence  of  phosphorus.  Ihc  distillate  will  contain  phos- 
phorus in  the  lower  stages  of  oxidation,  as  phosphorous  or 
h>-pophosphorou5  add.  The  best  way  to  prove  phosphorus 
in  tliis  is  to  treat  it  with  some  oxidizing  substance,  like 
bromin-water.  and  then  lest  for  phosphoric  acid  in  the  ordi- 
nar>*  manner  : 

Evaporate  almost  to  dryness  with  bromin-water  ;  then  apply 
the  lest  for  phosphoric  acid,  cither  by  magnolia  mixture  or 
ammonitmi  iiioljbdaie.  The  phosphoru-s  can  also  be  eslinuled 
quantitatively  in  some  such  manner,  by  carrying  out  the  distilla- 
tion in  an  aimospherp  of  cariwnic  acid,  so  thai  the  phosphonis 
cannot  be  oxidized.  I'hc  quantitative  determination  of  phos- 
phorus, however,  is  not  at  all  important ;  because  if  it  is  present 
at  all,  it  is  present  as  a  toxic  agent. 

The  next  substance  to  search  for  is  hydrocyanic  add. 
Hydrocjanic  acid  is  separated  by  distillation  in  an  ordinary 
apparatus.  Here  again  a  preliminary  test  is  valuable.  The 
most  convenient  is  that  with  guaiac : 

Take  some  freshly  prepared  tincture  and  saturate  some  filtcr- 
paptrr  with  this ;  let  it  dr>'  somewhat— it  need  not  be  perfectly 
dry  ;  then  fiour  over  this  some  very  dilute  copper  sulphate. 
With  hydrocyanic  acid  this  gives  an  inicn=»c  blue  color.  This  is 
very  sensitive  :  and  if  this  blue  color  is  not  obtained,  we  may  be 
sure  there  is  none  present.  There  are,  however,  some  other  sub- 
stances which  give  a  similar  color,  but  not  of  exactly  the  same 

ftde.    Ammonia,  for  instance,  will  give  a  rather  greenish  color, 

The  best  test  for  hydrocyanic  add  in  the  distillate  is  the 
formation  of  Prussian  blue. 

To  perform  this,  add  a  drop  of  ferric  chlorid,  and  ten  drops  of 
ferrous  sulphate,  to  the  liquid ;   then  an  excess  of  sodium  hy- 
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drate.  The  sodium  hydrate,  of  course,  throws  down  a  green  pre- 
cipitate of  ferrous  hydrate,  which  must  not  be  taken  for  Prussian 
hhie  ;  the  mixture  is  heated  for  a  moment  and  then  rendered 
acid  by  an  excess  of  hydrochloric  acid  :  if  there  is  a  great  deal 
of  hydrocyanic  acid,  there  will  be  a  blue  precipitate ;  if  only 
a  little,  there  will  be  a  blue  color. 

If  there  is  a  marked  hydrocj'anic  acid  reaction,  it  is  suffi- 
cient to  show  that  it  is  toxic  ;  but  if  the  reaction  is  slight, 
one  must  go  further,  because  it  might  be  present  as  a  result 
of  having  eaten  almonds  or  other  articles  of  food  from 
which  it  could  be  formed. 

In  this  case  it  would  be  necessary  to  delcnninc  the  amount 
present.  This  is  done  by  means  of  silver  nitrate,  which  fomis  a 
definite  compound  with  hydrocyanic  acid  and  allows  its  estima- 
tion either  by  volumetric  or  gravimetric  method. 

'ITiere  are  a  great  many  other  tests  for  hydrocyanic  acid,  but 
these  are  sufficient.  It  is  not  necessary  to  multiply  tests  too 
murh  until  one  is  fairly  sure  of  the  risult.  Onue  a  substance  is 
isolated,  it  is  well  to  try  all  the  known  tests  on  it  :  but  while 
searching  for  it,  one  or  two  are  sufficient.  Others  would  l«: 
confa-iing  and  wouUl  use  up  loo  much  material.  \\'ith  the  method 
which  we  have  given,  ferrocyanids  might  also  be  decomposed 
and  give  rise  to  hydrotyanic  acid ;  and  since  ferrocyanids  are 
not  toxic,  this  would  lead  to  wrong  conclusions.  To  eliminate 
this,  the  origituil  li(juid  is  filtered  and  the  Prussian  blue  test 
applied  to  it  directly.  Mercuric  cyanid  does  not  yield  its 
hydrocyanic  acid  in  this  treatment.  If  it  is  suspected,  the 
material  must  be  treated  with  hydrosulphuric  acid  before  dis- 
tilling. 

Carbolic  Acid. — Here  also  a  group  reaction  is  employed 
first,  and  one  of  the  most  ddicatc  and  certain  is  Millon's 
reagent.  Millon's  reagent  is  added  to  a  sample  of  the  dis- 
tillate and  boiled;  if  carbolic  acid  is  present,  a  red  color, 
and  if  the  amount  of  carbolic  acid  is  large,  a  red  precipi- 
tate, results. 

Other  sulwiances  also  giv-e  Millon's  test ;  for  instance,  pro- 
teids,  and  in  &ct,  any  aromatic  substance  which  contains  the 
group  OH.*  Its  presence  does  not  show  that  carbolic  acid  is 
present,  but  its  absence  would  show  that  it  is  not  present. 

To  further  determine  carbolic  acid,  the  iron  test  would 
perhaps  be  best     Carbolic  acid  and  ferric  chlorid  give  a 

)  In  the  proicids,  it  is  suppmed  to  be  the  tjroiin  group  which  gives  Millon's 
mctkia. 
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characteristic  violet  color.  Still  another  test  is  the  bromin 
reaction  :  the  addition  of  bromin-water  to  a  carbolic  acid 
solution  causes  the  deposition  of  a  precipitate  of  tribrom- 
phenol,  which  has  a  characteristic  microscopic  appearance. 

'Phis  is  the  most  delicate  test  which  we  possess  for  carbolic 
acid.  The  proportion  must  be  just  right  in  order  to  obtain  the 
maximum  precipitate  ;  /.  e.,  there  must  be  an  excess  of  bromin- 
water.  The  quantitative  determination  is  done  by  means  of  a 
modification  of  the  tribromphenol  method. 

Another  substance  of  the  aromatic  series  which  may- 
be obtained  in  this  manner  is  nitrobetisol,  which  would  be 
sufficiently  characterized  by  its  odor,  resembling  that  of 
bitter  almonds.  Nitrobenzol  is  often  used  in  perfuming 
soap. 

Of  the  substances  of  the  hydrocarbon  series  which  would 
be  present  in  this  distillate,  the  most  common  is  alcohol. 

The  stress  to  be  put  upon  its  presence  offers  some  small  diffi- 
culties because  alcohol  may  be  in  the  stomach  without  being  a 
poison  in  the  legal  sense.  It  is  quite  easy  to  show  the  presence 
of  even  small  quantities  of  alcohol  ;  for  instance,  by  the  iodoform 
test :  The  suspected  substance  (distillate)  is  treated  with  a  little 
sodium  hydrate  and  an  excess  of  Lugol's  solution  (I  4-  KI). 
This  gives  the  formation  of  a  precipitate  of  iodoform  and  its 
characteristic  odor.  About  ten  times  as  much  iodin  is  required 
as  alcohol  to  have  a  complete  precipitation. 

Another  quite  delicate  test,  not  entirely  characteristic  of 
alcohol,  but  given  also  by  other  reducing  substances,  is  the  re- 
duction of  bichromate  of  potash,  or,  rather,  chromic  acid.  If 
bichromate  of  potash  be  added  to  a  solution  of  alcohol,  there 
will  be  no  change ;  if  sulphuric  acid  is  added  to  the  mixture, 
chromic  acid  is  liberated  and  is  at  once  reduced,  giving  rise  to  a 
green  color  (chromous  oxid).     Heat  favors  the  reaction. 

To  determine  the  presence  of  notable  quantities  of  alcohol 
a  very  simple  method  is  sufficient : 

The  suspected  liquid  is  heated  in  a  ffask  closed  by  a  stopper 
carrying  an  upright  tube  a  meter  or  so  high.  The  alcohol,  hav- 
ing a  low  boiling-point,  will  be  driven  off  first.  By  the  use  of 
the  long  tube,  and  by  carefully  regulating  the  heat,  the  water 
may  be  condensed  in  such  a  manner  that  the  alcohol  alone 
leaves  the  tube  at  first,  and  may  be  ignited.  This  method  is 
supposed  to  work  with  liquids  containing  2  to  5  per  cent,  of 
alcohol. 
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The  presence  of  efhfr,  if  in  sufficient  quantiU'  to  have  a 
toxic  action,  would  Ix*  detected  by  its  odor.  No  further 
tests  would  be  required.  With  fhloroform  this  would  per- 
haps not  be  the  case,  much  smaller  quantities  being  suf- 
ficient lu  aci  tuxii:ally,  so  that  it  niiyht  be  well  to  apply  a 
special  lest.  The  lesorcin  test  is  one  of  the  best  and  most 
delicate.  A  small  amount  of  resorcin  is  put  in  a  test-tube 
with  Litis  distillate.  Some  sodium  hydrate  is  added  and  tiie 
mixture  is  heated.  Chloroform  and  chlttral  hydratt-  both 
give  rise  to  the  same  reaction — a  beautiful  red  solution.  If 
the  distillate  is  itself  odorless,  but  develops  the  odor  c^ 
chloroform  on  the  addition  of  NaOH,  the  substance  is 
chloral. 

These  are  practically  all  the  tests  that  have  to  be  per- 
formed on  the  distillate.  The  residue  remaining  in  the  still 
is  tested  for: 

2.  Fixed  Organic  Poisons.^This  method  is  treated  in 
detail  in  experiment  11.  Chajiicr  XXXIII. 

The  principle  of  the  method  rests  upon  the  solubility  of 
the  alkaloid.s  and  the  insolubility  of  the  alkalotdal  salts  in 
ethereal  liquids. 

The  residue  of  the  distillation  is  evaporated  to  a  small 
bulk  and  treated  witli  alcohol  in  such  quantit}*  as  to  precijii- 
tate  the  protcids  and  inorganic  salts  witliout  dissolving  tlie 
fets.  Through  the  addition  of  tartaric  acid,  the  alknloids  are 
converted  into  salts  and  pass  into  the  alcohol.  The  alco- 
holic solution  is  again  e\'ajxiratcd.  and  again  taken  up  with 
water,  leaving  the  fats  behind  (croton  oil). 

Tlie  filtrate  is  exhausted  with  ; 

1.  Sulphuric  ether  in  acid  solution,  which  takes  up  non- 
alkaloidal  organic  poisons. 

2.  Sulphuric  ether  in  alkaline  solution,  whicli  takes  up 
most  alkaloids. 

3.  Acetic  ether,  which  takes  up  the  remainder  of  the 
alkaloids,  and  especially  morphin. 

By  taking  advantage  of  the  difference  of  solubility  of  the 
different  alkaloids  in  benzol,  petroleum-ether,  etc.,  the  iso- 
lation may  be  carried  still  further,  but  this  is  not  usually 
necessary,  if  life  tests  are  used. 


The  chemic  and  physiologic  reactions  of  alkaloids  may  be 

very  closely  simulated  hy  plomains.     Stich  similarity  has  been 

vith  the  foUou-ing :  coniin,  colchicin,  atropin,  delphinin. 
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digiialin,  morphin,  nicotin,  venitrin.  The  only  way  to  dis- 
tinguish with  certainty  between  these  is  to  use  both  the  chcmic 
and  the  physiologic  tots.  For,  as  far  as  ib  known,  there  arc 
no  ptottmins  which  give  both  the  cheinic  and  physiologic  tests 
of  or.c  alkaloid. 

When  these  determinations  have  been  made  and  have 
proved  negative,  all  the  residues  accumulated  during  the 
process  are  put  to^'cther,  the  organic  matter  destroyed,  and 
the  residue  tested  fnr  fixed  inorganic  poisons,  according  to 
the  methods  whicli  are  treated  of  in  detail  in  all  text-books 
on  analytic  chemistf)'.  It  is  scarcely  necessary  to  lay  stress 
on  the  tact  that  the  reatjents  used  must  tlienisclves  be  tested 
for  the  poisons.  Tn  isolating  the  alkaloids,  ptoniains,  etc., 
the  ether,  etc.,  must  be  recently  distilled  over  tartaric  acid. 


CHAPTER  VI. 

PRESCRIPTION  WRITING;  FLAVORING. 

'A)   PRESCRIPTION  WRITING. 


^^        General  Hints. — The  suhje<  i  of  prescription  nxiiing  seems 
(  lo    poi^se!^  almost  mstirmotiniable  diiHculties    for  the   student. 

^^_  There  is.  perhaps,  no  other  suhjett  in  the  whole  course  of  study 
^H  which  he  finds  more  discouraging  and  finishes  with  less  saiisfac- 
^^  lion.  Nevertheless  the  principles  upon  which  it  is  based  are 
few.  simple^  and  easily  memorized.  AVhen  asked  for  them,  the 
student  asually  has  no  diffirnlty  in  answering  the  (iiiestions.  The 
dissatisfaction  arises  when  the  student  comes  to  put  these  princi- 
ples into  practice.  But  it  is  the  same  with  any  other  art ;  noth- 
ing but  practice  will  gi\e  expcrtness.  The  student  who  would 
master  this  subject  must  not  rest  content  with  doing  the  few  ex- 
ercises which  can  be  given  him  in  class.  As  he  studies  each 
drug,  or  as  he  reads  up  the  treatment  of  diseases,  he  should  him- 
self compile  such  prescriptions  as  the  subject  suggests.  This  will 
not  only  aid  him  in  prescription  writing,  but  in  pharmacoIog>* 
and  therajKjulics  as  well.  It  is  only  in  this  way  that  he  can  ac- 
quire the  necessary  self-confidence  and  skill.  In  our  experience, 
when  a  class  is  asked  to  write  a  prescription  and  only  the  gen- 
eral djta  are  given, — <*.  a' •  the  disease  or  the  main  ingredient, — 
half  the  cla-ss  unll  give  up  in  despair.  A  little  i|uestioning  will 
bring  out  the  fact  that  it  is  not  knowledge  but  method  that  is 
wanting.  Again,  the  prescriptions  which  are  handed  in  for 
correction  are  scarcely  ever  perfect.     They  betray  the  feet  that 
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the  Student  loses  si^'hl  of  (IcUiil.  As  a  help  to  the  student  in 
the  retomniendoil  home  iimctire.  the  following  rules  will  t>e 
found  of  value : 

When  writing;  a  presiTiiiiion  for  a  given  londition,  put  down, 
fifst,  ihe  name  of  the  best  remedy.  Ask  yourself  whether  there 
is  any  other  druj;  whii  h  may  he  employed  to  aid  this.  Put  this 
down  also.  Then  ronsidcr  in  which  form  the  medicine  should 
be  adminisiered,  wliciher  as  li<|ui(I.  powder,  salve,  etc.  This 
wrill  usually  dctLTminc  which  pro|uraiion  of  the  ingredient  is  to 
be  employed.  I'ut  this  (lo«  u  also.  Then  ask  yourself  what 
may  he  addeil  \o  reruirr  llu'  mixnirc  agrt'cahle  to  the  jatient. 
When  this  is  written  down,  all  the  ingredients  will  he  repre- 
sented. Now  look  o\cr  this  carefully  and  see  that  there  are  no 
inconipatiluhiies  and  that  the  eonsiinients  are  soluhle  if  the 
mixture  is  to  he  a  li'piid.  Ne\i  insert  the  endings.  Write  the 
directions  to  the  dispenser.  Now  von>ider  the  doses  of  the 
mixture.  lea-i-oonuil.  ta]>lespoonfiit.  etc.,  the  appro.ximate 
numhor  of  do">e>.  .md  ironi  tlie-e  call  ulaie  the  si/e  of  the 
mixture.'  It  ">hvv.;lil  he  con-^idered  how  many  doses  are  to 
Iw  taken  each  d.iy  .mi  tlio  |ia.sis  of  sixteen  hoiir>  a  da)'  ;  this. 
multiplied  hv  t:ie  n.imher  tM'  davs.  gi\es  approximatelv  the  size 
of  the  mixt'ire  Theii  wriie  the  direi  tion^  to  the  patient.  Now 
consider  how  m'.ic;>  oi  e.ii  !i  inuredient  is  to  he  given  at  earh 
dose,  m'.:/..:  Iv  hy  ihe  n.iml-er  oi  lUv^es  a:id  write  down  the 
quantity.       I":".:-^  :'i::>he>  the  pre-iv  r:!v:;on.      I  v.K>k  over  the  result 

■  .■.;-cr:h:o.>   to   tner.::on  that   it  is  e\- 

:Te>ir:;  •.■.o:>  to  :>i-  a-   .'■\:.\'t'  hj'i.i- 

"«    .■"':^>:-.>'::v...,    v.\  \  :e»    of   the    dire 

A  o:'-.i.;-.  ■.■■■>  ^(.;;'-e\  iiicv.:   v:^.-^  is  disrc- 

'  .::  ;  !%   :>»   :      ■    ■  ■ :.'    -         \Vh:ie  it  is 

i  .:'.■.«"»:>  v\v".  L-\:c'".^ /i  - '\ .  :;   :•*  nei  es- 

\  :■.  '.^.:\   \:-.::\  \:.i.\  ^  :.':."..'^\   '  Ov^iMv  l-e 

•  -  ■        ■       ■_  :  -..   ^:  .'U".:  should 

:■.   ..-.  -.-•.;-       ::    -  r-.ci  csMry 

:  "_    -;  -■--■.    .  ^>    .   -.V"    .e-. o:ne 
■'--:■:  .'\  :-:>  ;::-i.v  ;.c 


defined     -    -  -       .    :-    ii-;-;;. 


carefully  vi  :'u-  -stv.u-  o 

It   wo.:'.d   -.;.■:•.  .=.'.:;u 

tremely  e<-;-.:  .i.    •■.  "r 

K'/';/.''.V    -t"     \  ''"'      c 

results  th.i:  -...\  :•  :.>.v. 

gardeil.      I  '-  ■^^' ■- 

justi^T-i"''^'  :c'  1  ■■  V-'.  .. 

jaiT  to    V.'..iv,      '.  '.-'■■. 

criw  ';v:  ■ 

aiihe  j-^~^  •■ 

Itfped  :-.i:   :   - 

ob»t<^:^' 

Anc".    .    :  . 

3  W    i«.Vv    .'■.'..       ■    ,. 

ijoe- 

A  r--'- 

jcsc  by  .i 

^taotr.  i.-.^' 

:.P                   :; 

■»                           ■.,: 
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Heading  or  Superscription :  R .  Gm. 


vel  ex. 
45 


Imiription :  Basis  Tr.  Aconiti  o  i, 

(Ingrcdicnta) 

Adjuvant  Sp.  ^ther.  Nitrosi  15 

Corrective  Liq.  Atnmon.  Acet.  15 

Vehicle  Syr.  Simpl.  30 

^S«i4jfr7/*AV»«  (Directions  to  dispenser) :    Misce  ' 

Signature      (         "         "  patient):       S.  Teaspoonful  every  hour  in  half  a 

glass  of  water. 

Jan.  I.  1901.  Dr.  N 

For  Mr.  C ■ 

The  prescription  is  always  written  in  Latin,  with  the  ex- 
ception of  the  directions  to  the  patient  (and  to  the  com- 
pounder). This  language  presents  various  advantages  over 
English. 

In  the  first  place,  the  names  of  the  drugs  are  more  definite, 
concise,  and  unchangeable.  There  is,  as  a  rule,  but  one  Latin 
name  for  each  drug,  whereas  in  Knglish  the  same  substance  may 
have  several  names,  or  the  same  name  may  designate  several  en- 
tirely different  substances.  Further,  it  is  generally  desirable  to 
have  the  patient  ignorant  of  what  medicine  he  is  taking.  On 
the  one  hand,  if  he  possesses  this  knowledge  he  very  frequently 
has  preconceived  ideas  of  the  action  of  the  medicine,  and  will 
either  take  it  in  excessive  amounts  or  will  neglect  to  take  it  en- 
tirely, or  interfere  with  its  action  in  some  other  way.  On  the 
other  hand,  it  will  encourage  the  habit  of  self-medication. 

The  directions  to  the  dispenser  are  generally  written  in 
Latin.  There  is,  however,  no  necessity  and  no  advantage 
in  this.  Usually  it  is  sufficient  for  this  purpose  to  write 
simply  the  letter  M  (misce)  below  the  inscription. 

The  directions  to  the  /«//W// (signature)  are  always  written 
in  English,  so  that  the  patient  can  read  them.  The  direc- 
tions siiould  be  made  as  complete  as  jjossible,  and  should 
include  everything  which  it  is  necessary  for  the  patient  to 
know.  ■  The  habit  of  giving  verbal  instructions  to  patients 
and  of  having  the  medicine  labeled  "  use  as  directed  "  can- 
not be  too  much  discouraged.  Aside  from  the  fact  that 
human  memory  Is  extremely  apt  to  fail,  the  patient  or  rela- 
tives, when  the  prescription  is  given  to  them,  are  usually 
in  a  more  or  less  excited  frame  of  mind,  and  cannot  be  relied 
upon  to  remember  what  is  told  them.  Medicines  in- 
tended for  external  application  should  be  plainly  labeled  to 
that  eficct,  and  when  a  medicine  contains  poison,  it  should 
be  so  labeled,  except  when  there  is  special  objection  to  this. 

The  inscription  may  consist  of  but  one  ingredient.      If 
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there  are  several,  they  may  be  classified  under  the  following 
heading,  and  then  should  be  placed  in  the  prescription  in 
this  order : 

Basis:  tlie  principal  substance. 

Adjuvant :  the  substance  which  is  used  to  aid  the  action 
of  the  former. 

Corrective :  whose  puqiose  it  ts  to  modify  or  correct  an 
undesirable  action  of  the  basis. 

Vehicic:  the  indifferent  substance  used  to  dilute  the 
active  ingredients. 

Formerly  the  ingredients  of  a  prescription  were  almost  num- 
berless. This  was  in  the  time  of  empiricism,  and  was  simply  an 
application  of  the  idea  thai  in  a  large  mixture  of  substances  there 
would  probably  be  one  which  would  do  good.  This  was  the  so- 
called  "  shot-gun  prcMTiption."  At  present  the  tendency  in 
prescription  writing  is  to  make  the  prescription  as  simple  as  pos- 
sible. This,  on  the  one  liand,  avoids  the  chances  of  incompati- 
bilities, and,  what  is  still  more  important,  makes  (he  action  of 
the  medicine  more  easy  to  watch  and  control. 

If  the  i)rescription  iniludesa  numljer  of  mixtures,  each  con- 
taining numerous  ingredient-s,  such  as  the  numberless  prepara- 
tions now  put  on  the  nuirket  by  many  firms,  the  result  is.  of 
course,  as  nnich  a  "shot-gun  "  prescription  as  if  the  prescriber 
had  enumeniied  all  the  ingredients. 

The  copying  of  a  prescription,  ingredient  for  ingredient  and 
dose  for  dose,  is  as  much  empiricism  as  the  use  of  any  other 
ready-made  compound.  The  physician  should  be  well  enough 
eduoited  to  devise  his  own  prescriptions  and  to  obtain  such  in- 
gredients as  will  best  suit  the  special  needs  of  the  ca.se  in  hand. 

The  custom  of  having  prescriptions  refilled  once  or  several 
limes  obtains  in  nmny  localities.  Whereas  it  is  often  impossible 
for  the  jihN-sician  to  jml  a  stop  to  this  practice,  it  ij  alisolutely 
necesary  that  he  should  prevent  such  prescrijitions  being  refilled 
which  cionuiin  narcotics  or  other  drugs  likely  to  cause  a  habit. 
He  can  attain  this  result  by  writing  "  non  rejjeiatur  "  under  the 
prescription.  The  druggist  refilling  this  will  do  so  on  his  own 
responsibility. 

When  the  patient  is  very  poor,  it  is  often  customary  to  invite 
the  druggist  to  charge  him  the  lowest  tenus  by  writing  P.  P. 
(T-^uperissimus )  under  (he  prescription.  It  is,  of  course,  not 
just  to  do  this  if  the  physician  himself  receives  a  regular  fee. 

The  f)harmacist  is  supposed  to  check  the  quantities  of  the 
ingredients,  and  not  to  dispense  a  prescription  containing  an 
unusual  dosi'  of  a  poioerfut  poison  without  convincing  himself 
thai  the  phj-sician  prescribed  this  intentionally.  While  this  docs 
not  in  any  way  lessen  the  rcsponsibility  of  the  ph)*sician,  it  is  a 
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safeguard  which  deserves  all  encouragement.  To  avoid  delay,  it 
is  customary  to  mark  such  large  doses  in  such  a  way  that  the 
pharmacist  will  have  no  doubt  that  they  are  intentional.  Thus : 
Tr.  aconiti,  3J ;  or  jj ! ;  or  3J  Q.  R.  (quantum  rectum),  the 
last  being  the  best. 


TABLE   IX.— MAXIMUM  SINGLE   DOSES  USUALLY  GIVEN  OF 
THE    FOLLOWING    DRUGS.* 


To  0.001 
Gm.  = 

Gm.            Gk. 

0.003->          t_, 
0.005 /"»»-" 

Gm.           Gr. 

Gm.           Gr. 

0.06-0.3  —  1-5 

Above  0.3  Gm, 

1                                                 < 

Poisonous  Alkaloids. 

Coniin, 

Atropin,           1  Apomorphin, 

Podophyllin, 

O.OOI  »  Jg 

0.002  ="  ^                 0.010  ^  H 

0.1  -  iW 

Ph)-sostig> 

Nicotin,             i  Picrotoxin, 

Narcein.o.i  =  tH 

min. 

0.003  =  A  1                o-oio  ~  H 

Santonin, 0.1  =  i^ 

0.001  a  Jg 

Colchicii).         ■  ^rychnin. 

Brucin,     o.i  =  i$j 

0.005  =  A                    0.01  =  % 

Caffein,  0.15  =  a 

Digiulin,            Pilocarpin, 

Narcotin, 0.3  =  5 

0.005  =  A                 003  =  Ji 

Vcratrin,           {  Morphin, 

■ 

0.005  =  A                 0-03  =  Ji 

Elaterin,           >  Codein,   0.05  =  % 

0.005  =  A  1 

Inorsanlc. 

Phospho-     '  Aneniousacid 

HgCy,     0.0Z  =  a 
Hg:  salts 

Cu  salts,  0.1  =  iK 

CuSOfOrZnSOi 

nu,           1     and  salts. 

Basalts, 0.12  =  2 

in  divided  doses 

0.001  «  Jg  ,          0.00s  =*  A 

except 

Bi  salts,  0.3  =  5 

as  emetic, 

calomel     0.03=^ 

Antim.  and  pot. 

Cm.  Grs. 

Ag  salts. 

tart.,      o.a  =  3 

1.0=  15 

Au  salts,  J 
1.             ■» 

Iodoform, 

0-3  =  5 

Chloral, 4.0  =  60 

^P-           o.o5  =  « 

HCya^.J 

Pb,  Zn, 

andSn 

salts,        0.06^1 

Carbolic. 

Creosote,  J 

Organic  Drugs. 

01.  sinapis, 

o.oi  =  i 
Cantharadin, 

0.05  =  Ji 
Croton  oil, 

0.05  =■  H 

Rad.  bellad., 

0.1  =  iW 
Nux  vom., 

0.1  =  1% 
Opium,  0.15  —  2^4 
Tuber  aconiti. 

0.15  -^2% 
Fol.  bellad.. 

O.I  =  3 
Sem.  et  fol,  Stra- 
mou.,     o.2,s  —  4 
Lactucafium, 

r,    J           03-5 
Rad.  veratT.. 

03  =  .■; 

Sem.  et  fol.  Hyos- 
cyami,   0.3  =  5 
Fol.  digitalis. 

Ergot,    i.o  =  15 

0.3  =  5 

Gamboge, 

0-3  =  5 

Colocynth,  0.3  =  5 

1  The  ordinary  dose  is  usually  one-fifth  to  one-half  of  that  given. 
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Gm. 


Gx. 


0.006- >-^  ,   , 
0.060;^  A-' 


Gh.  Gr. 

0.06-0.3  —  1.5 


Above  0.3  Gm. 


Solid  Qalenlcs. 


ExI.  aconitt 
rd.,        0.02  =  a 

Ext.  physostig- 
tnatis,    0.O3  =  H 

Ext.  belladon- 
na;,       0.05  =  H 

Ext.  colocyn- 
this,       0.05  =  K 

Ext.  nucis 
voniicae,o.o5  =  Ji 


ExI.  aconki  fol., 

0.1  =  iH 
Ext.  cannabis 

ind.,       o.t  =M  iff 
Ext.  opii, 

0.15- a« 
Ext.  conii. 

0.18  =  2Ji 
Ext.  digitalis, 

0.2  =3 

Ext.  hyoscyami, 

0.3  =  3 


Liquid  Oalenics. 


Tr.  aconiti  rd., 

^    .    ..  "'S  =  3^ 
Tr.  lodin, 

o.a  =  3 


Liquid  arsenic 
preparations, 

Tr.  nux.  vom., 

0.5  = 
Tr.  lobelia, 

Tr.  veratrum 

vir.,       0.5  = 
Tr.  belladon- 

nie,       i.o  =  1, 
Tr.  canthar., 

1.0  =  15 
Tr.  colocyn- 

this,      1.0=  15 
Tr.  digitalis, 

1.0  =.  15 
Tr.  and  vin, 

colchici, 

1.3  =  » 
Tr.  vin.  et. 

acet.  opii. 

Aq.  amygd. 
amane  et 
laurocerasi, 

3.0  =  30 


Grammatic  Construction  of  Prescriptions. — The  head- 
ing, inscription,  and  often  the  subscription  are  written  in 
Latin.  A  slight  knowledge  of  the  rules  of  grammar  of 
this  language  is  therefore  essential.  It  is  supposed  that 
this  is  possessed  by  the  student,  and  the  following  is 
intended  merely  to  recall  some  of  the  more  important  facts: 

The  superscription,  I^  {recipe  :  "  take  thou  "),  requires 
the  name  of  the  substance  to  he  in  the  genitive,  if  the  quan- 
tity is  given,  the  quantity  itself  being  in  tht:  accusative  (the 
latter  is,  of  course,  ver>'  rarely  written  out  in  full).  When 
the  quantity  is  not  given,  the  name  of  the  substance  is  to  be 
placed  in  the  accusative.  Adjectives  agree  with  their  nouns 
in  gender,  number,  and  ca.se. 

The.se  rules  will  generally  be  understood  by  translating 
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into  English :  e.  g..  Take  thou  of  tincture  of  aconite  one 
ounce. 

The  following  rules  for  the  formation  of  the  genitive 
case  will  be  found  valuable  (**  Mann's  Manual ")  : 

Rule  i. — All  nouns  ending  in  a,  form  the  genitive  in  ae; 
as  Quinina,  Quininx.  Exceptions:  Aspidosperma,  Physo- 
stigma,  and  Theobroma  form  the  genitive  in  atis.  Folia 
is  plural;  genitive,  foliorum. 

Rule  2. — AU  nouns  ending  in  us,  um,  os,  on,  form  the 
genitive  in  i ;  as  Conium,  Conii.  Exceptiotis :  Rhus,  gen. 
Rhois  ;  Flos,  gen.  floris  ;  Erigeron,  gen.  Erigerontis.  Fruc- 
tus,  Comus,  Quercus,  Spiritus,  do  not  change. 

Rule  3. — All  other  nouns  of  whatever  termination  make 
the  genitive  in  s,  or  is.     Chloral,  gen.  Chloralis. 

Some  lengthen  the  termination  thus : 

as,  genitive  atis  ;  as  Acetas,       Acetatis. 
is,         "        idis  ;  as  Anthemis,  Anthemidis. 
o,         *'        onis;  as  Pepo,  Peponis. 

X,         "        cis;   as  Cortex,       Corticis. 

There  are  a  few  exceptions.  Asclepias,  gen.  Asclepiadis ; 
Mas,  gen.  Maris;  Phosphis,  Sulphis,  etc.,  gen.  itis;  Mucilago, 
gen.  Mucilaginis ;  Solidago,  gen.  Solidaginis,  etc. 

The  following  words  do  not  change  in  their  genitive  :  Amyl, 
Azedarach,  Berberis,  Buchu,  Cajuputi,  Cannabis,  Catechu,  Con- 
durango,  Comus,  Curare,  Cusso,  Fructus,  Digitalis,  Hydrastis, 
Jaborandi,  Kino,  Matico,  Quercus,  Sassafras,  Sago,  Sinapis, 
Spiritus. 

The  accusative  is  rarely  employed.  It  is  formed  accord- 
ing to  the  following  rules  (Mann)  : 

Rui-E  I, — Nouns  singular  ending  in  a,  are  feminine,  and 
make  the  accusative  singular  in  am  and  the  plural  in  as. 
Example :    Drachma,  ace.  sing.  Drachmam,  pi.  Drachmas. 

Rule  2. — Tlwse  ending  in  um  or  us,  make  the  accusative 
singular  in  um.  The  accusative  plural  of  those  in  us  is  os, 
and  of  tliose  in  um  is  a.  Those  in  us  are  masculine,  those 
in  um  are  neuter : 

Congius,  ace.  sing.  Congium  ;  ace.  pi.  Congios. 
Granum,  ace.  sing.  Granum  ;    ace.  pi.  Grana. 

Attention  is  also  called  to  the  fact  that  adjectives  change 
their  endings,  a  fact  which  the  student  is  apt  to  forget. 
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The  directions  to  the  dispenser  are  usually  written  in 
Latin,  but  this  is  not  essential.  They  should,  in  every 
case,  be  as  brief  as  possible.  As  a  rule,  the  pharmacist  is 
better  informed  as  to  this  part  than  the  prescribing  phy- 
sician. 

The  following  prepositions  are  frequently  used,  and  com- 
mand the  following  cases : 

ad to accusative. 

ana of  each genitive. 

cum with ablative. 

in into accusative. 

The  following  Latin  words  and  phrases  occur  frequently 
in  prescriptions  (abridged  from  Mann)  : 

TABLE  X. 

ad to,  up  to 

ad  libitum at  pleasure 

adde add  (thou) 

ana  (a,  aa) of  each 

aqua  bulliens boiling  water 

*•     fontana spring  water 

"    fervens hot  water 

*'    destillata distilled  water 

bene well 

bis  in  dies twice  daily 

cape,  capiat take,  let  him  take 

charta a  paper  (medicated) 

chartula a  small  paper  for  a  powder 

cibus food 

cochleare  magnum   ...  a  tablespoon 
'*      parvum     ...  a  teaspoon 

cola,  colatus strain,  strained 

coUyrium an  eye  wash 

congius  (C.) a  gallon 

cum with 

dilute,  dilutus dilute  (thou),  diluted 

dimidius one-half 

divide  (Div.) divide  (thou) 

dividendus to  be  divided 

dividatur  in  partes  sequales  let  it  be  divided  into  equal  parts 

dosis a  dose 

extende  supra spread  upon 

fac,  fiat,  fiant  (ft.)  .    .    .  make,  let  be  made,  let  them  be  made 
filtra filter  (thou) 
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gaigarisma a  gargle 

gutta,  guttae  (gtt.)  ...  a  drop,  drops 

haustus a  draught 

hora an  hour 

in  dies daily 

instar like  (with  genitive) 

lac milk 

libra  (lb.) a  Troy  pound 

mane  primo very  early  in  the  morning 

magnus large 

misce  (M.) mix 

numerus,  numero  (No.)  .  a  number,  in  number 

octarius  (O.) a  pint 

ovum, an  egg 

pars a  part  (governs  genitive) 

partes  sequales  (P.  ae.)    .  equal  parts 

parvus small 

pilula  (pil.) a  pill 

pro  re  nata according  to  circumstances,  occasion- 
ally 

pulvis a  powder 

quantum   sufficit    (q.   s.) 

(followed  by  genitive)  as  much  as  is  necessary 

quaqua  hora every  hour 

semissis  (ss. ) a  half 

signa sign 

sine without 

si  opus  sit if  necessary 

solve,  solutus dissolve,  dissolved 

solutio a  solution 

statiro immediately 

talis such 

tritura triturate 

tere  simul rub  together 

ter  in  die three  times  a  day 

vitellus the  yolk  (of  an  egg) 

(B)  FLAVORING. 

I.  GENERAL  RULES. 

The  subject  of  flavoring  is  one  which  is  very  generally  neglected 
by  the  beginning  practitioner,  and  is  one  treated  very  slightly 
indeed  in  most  text-books  on  materia  medica.  It  is,  however, 
one  of  very  great  importance  with  the  modern  patient.  Atten- 
tion to  this  on  the  part  of  manufacturers  and  the  lack  of  it  on  the 
part  of  physicians  is  perhaps  largely  responsible  for  the  increased 
use  of  proprietary  medicines.     Patients  very  often  will  fail  to 
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take  a  disagreeaUle  medicine*  and  the  physician  should  alwa>'5 
he  on  ihe  lookout  for  such  cases.  Ii  is  scarcely  necessary  lo  say 
that  he  should  approximately  control  the  amount  taken  by  judg- 
ing as  to  the  quantity  left  in  the  container,  as  he  should  also,  in 
general,  control  the  medicine  dispensed  by  the  druggist  as  to  its 
appearance  and  taste. 

Some  patients  will  carry  the  deceit  somewhat  further  and  pour 
away  the  appropriate  amount  of  the  medicine,  and  i(  the  phy- 
sician does  not  obtain  the  anticipated  results,  it  may  be  well  to 
administer  some  lest  medicine  to  the  patient  without  his  knowl- 
edge. This  may  be  done  by  giving  him  a  prescription  for  salol 
(5  grains)  ;  if  he  takes  this,  it  can  readily  be  di.scovered  in  the 
urine  by  the  addition  of  strong  sulphuric  acid  and  a  few  drops 
of  ferric  chlorid,  which  will  give  a  violet  color.  The  same  object 
maybe  accomplished  by  potassiimi  iodid,  which  can  be  tested 
for  by  adding  to  the  urine  a  few  drops  of  H NO,  and  a  little 
chloroform.     The  latter  becomes  a  violet  color. 

'ITie  subject  of  flavors  is  not  only  important  t>ecau.se  it  humors 
the  patient,  but  when  the  flavoring  is  properly  done  it  has  an  ad- 
vantageous action  in  the  treatment  of  the  disease.  It  puts  the 
patient  in  more  (avorable  condition  for  the  action  of  the  drug, 
aiding  absorption  and  digestion.  One  need  only  point  to  the 
value  of  condiments  in  food.  It  is  rather  surprising  that  a  phy- 
sician who  woultl  ol>jeel  ven*  strongly  to  eating  his  food  without 
seasoning  wilt  prescribe  medicine  without  giving  a  thought  to  this 
subject . 

Condensed  Rules. — The  substances  which  may  be  used  for 
improving  the  ta.>ie  of  a  mixture  are  almost  without  number. 
Before  proceeding  to  a  detailed  discussion,  we  shall  give  in  a 
condeased  form  those  methods  which  are  apt  to  be  most  useful. 
The  (]tiantities  need  not  necessarily  be  specified,  it  being  sufficient 
to  mark  them  "q.  s." 

Appearance. — Uquid  prescriptions  intended  for  internal 

administration  .should  be  clear  if  possible.  It  might  be  well 
to  mark  all  such  prescriptions  "  filtra."  The  appearance 
may  be  very  materially  iinprosed  by  the  addition  of  some 
coloring-matter,  and  this  may  also  prove  useful  through  its 
suggestive  element  and  by  hiding  the  nature  of  the  medi- 
cine from  the  patient.  The  following  arc  recommended  tor 
soli*tions  in  the  proportion  of  about  2  drops  to  the  ounce 
(0,4:  1 00): 

Ked  :       *  Tinctura  Persionis  N.F. 

Brown  :    *  Tinctura  Pcrsionis  Composita  N.F. 

Yellow:   *TincturaCurcumje  N.F. 

*  Not  oAiciiil. 
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For  improving:  the  taste  for  children,  Syrupus  Tolutanus  ; 
for  adults.  Elixir  Aromaticum.  This  is  further  improved  by 
the  addition  of  2  grains  of  citric  acid  to  the  ounce 
(0.4: 100). 

For  the  administration  of  salts,  where  the  alcoholic  elixirs 
are  not  admissible,  use  Aqua  Menthae  Piperitae  or  2  grains 
citric  add  per  ounce. 

For  emulsions,  6  drops  Spiritus  Aurantii  Composltus  per 
ounce  ;  other  flavoring  spirits  are  used  in  the  same  propor- 
tion. 

For  producing  a  bitter  flavor  use  Elixir  Gentianae  N.F. 

To  render  the  administration  of  a  great  amount  of  hot 
•water  acceptable,  use  decoction  of  Species  Pectorales  N.F. 
in  the  proportion  of  2  tablespoonfuls  to  the  cup. 

For  the  administration  of  cold  water  use  lemonade. 

For  the  flavoring  of  cough  medicines  use  Syrupus  Gly- 
cyrrhiz*e. 

11.  COLORING. 

Aniltn  colors  should  be  avoided  as  far  as  possible,  since 
they  are  frequently  more  or  less  toxic. 

I.  Wateiy  or  Alcoholic  Liquids. 

The  following  are  especially  useful  in  slightly  acid  liquids. 
The  tinctures  are  used  in   the  proportion  of  2  drops  to  the 
ounce  (0.4 :  100). 
(^)    To  produce  a  red  color : 

*  TV.  Persioms  N.F.,  prepared  from  a  lichen — 12}4% — 
one-third  alcohol — miscible  with  alcohol  and  water. 

U.S.P.  Syrupus  Rubi  Idcei  U.S.P. — raspberry  juice,  preserved 
with  sugar. 
i^B)    To  produce  a  reddish-brown  color : 

*  Tr.  Persioms  Comp.  N.F. — 2^  persionis,  10^  caramel — 
miscible  with  water  and  alcohol. 

(  C)    To  produce  a  yellow  color  : 

*  Tr.  Curcuma  N-F.  (Curcuma  longa.  Turmeric,  Zingiber- 
acese.  Southern  Asia) — i5%i  alcohol,  miscible  with  alcohol, 
but  not  with  water.  If  the  mixture  is  aqueous,  it  must  be 
filtered.     Alkalies  will  change  the  color  to  reddish-brown. 

Crocus,  Saffron  (Stigmata  of  Crocus  sativus,  Irideae,  culti- 
vated in  Spain  and  France). 

It  also  contains  volatile  oil  and  is  used  popularly  as  a  car- 
minative and  emmenagog. 

*NotofBcul. 
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7>.  Croa'hV.,  U.S.R^io'/f  ^one-half  alcohol— misciblc 
wilt  water  and  alcohol. 
(^)   T» produ£f  a  h&utH  coUr : 

Caramel — partly  carbonized  starch— sugar.  • 

(£)  For  other  colors^  anilin  dyes  must  be  used. 

For  blue,  methylene-blue. 

For  violet,  gentian-violet. 

3.  Oily  Liquids. 

(.\)  Red:  *  Alkanet — root  of  Alkanna  tinctorea,  Boraginex 
— West  Asia. 

( Red  with  acids  ;  blue  with  alkalies.) 

^  Muiidtr :  Wood  of  Rubia  tin*  (orum,  Rubiaceae.  Levant 
and  Southern  Ktirope.  Contains  especially  alizarin  and  other 
coloring-inatten>.      Little  soluble  in  water. 

(R)  Yellow:  *  A  nmitto'~\m\\t  surrounding  seeds  of  Btxa 
orallana,  Bixine:e — South  Anierira — insoluble  in  water — soluble 
in  alcohol,  ether,  and  oil. 

(Frequently  used  for  coloring  butter.) 

3.  Powders. 

(A)  Red  :  *  Otrmirtf — a  precipitate  obtained  from  decoction 
of  cochineal  by  aluni  or  creani  of  tartar.  Soluble  in  alkalies, 
brightened  and  precipitated  by  acids.  Also  soluble  in  alcohol. 
Contains  rarminir  arid.  May  also  be  used  for  coloring 
liquids:  '*■  Liquor  Cartnitii  N.F.  6'^,  with  ammonia  and  one- 
third  glycerin. 

Cochintal  U.S. P. — females  of  the  insect  Coccus  cacii — 
Mexico  and  Central  America. 

Iron  oxiii  Or  carhotiate. 

''f-  Armenian  bote  is  an  iron-containing  clay  used  for  this 
purpose. 

(B)  Blue:  'f^  Ultramarine — compound  of  aluminium  and 
sodium  silicate  and  sodium  poly.sulphid.      ft  is  insoluble. 

^  Litmus y  a  pigment  obt;uned  from  lichens.  Insoluble  in 
alcohol,  soluble  in  water. 

*  Lni/igv,  a  pigment  obtainable  from  a  number  of  plants  and 
also  synthetically.  'l"he  active  principle  is  a  colorless  glucosid, 
plant  indican.  Under  the  action  of  ferments  or  acids  it  yields 
indigo-blue  or  indigotin.  This  is  insoluble  in  ordinary  solvents, 
but  dissolves  in  concentrated  H^SO  ,  If  this  solution  is  neutral- 
ired  with  Naf)H,  the  pigment  remains  in  solution  and  produces 
a  beautiful  blue  <olor,  which  is,  however,  destroyed  by  oxidizing 
or  reducing  agents. 

(C)  Black:  *  Lampblack  or  soot  (fuligo  ligni)» 
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rn.    DIMitlSING  THE   TASTE   IN  SOLID   FORM. 

This  may  be  accomplished  by  administering  the  substance 

Kn  the  form  of  pills,  triturates,  capsules,  cachets,  tablets,  etc. 

■In  tlie  case  of  the  ordinary  pills  or  tablets,  there  is  generally 

some  t^iste  before  they  can  be  swallowed,  and  this  is  obviated 

by  coating  them  with  gelatin,  sugar,  chocolate,  etc.     All 

these  measures  diminish  the  solubility  of  the  substance,  the 

most,  perhaps,  in  the  case  of  pills.    Triturates  or  compressed 

tablets  can  be  prepared  so  as  to  disintcjjrate  and  dissolve  as 

easily  as  the  powder  itself.      However,  most  of  the  prepa- 

Ttations  put  out  by  the  manufacturers  do  not  conform  to 

this  demand,  and  probably  all  harden  on  keeping. 

^m  IV.    MEASURES  FOR    DESTROYING  THE  TASTE. 

^H  Certzun  substances  have  the  property  of  paralyzing  the 
^Bguory  endings  of  taste.  Among  these  is  Verba  santa. 
^^PPk  Chap.  X.)  This  destroys  the  taste  for  bitter  substances 
especially.  It  is.  however,  therapeutically  objectionable. 
It  probably  renders  alkaloids  insoluble,  and  as  for  ordinary 
bitters,  it  is  extremely  probable  that  the  therapeutic  action  is 
connected  with  the  bitter  taste.  One  c.c.  of  the  fluid  ex- 
tract covers  the  taste  of  O.OI2  Gin.  of  quiiiin  sulphate  or 
1.5  Gm.  of  quassia. 

Similar  properties  are  found  in  llie  following  plants  : 

♦  i;>*mnenia  sylvesire, — .\frica. 

♦  Riilmcnia  chilrifira, — SuiLin. 

♦  Phryniuni  I>anielli, — West  .Afri*"^. 

7I1C  same  object,  the  rendering  tasteless  of  the  substance, 

ay  be  accomplished  b\'  rendering  it  insoluble  in  the  saliva. 

This  can  be  accomplished  with  a  number  of  alkaloids  by  the 

addition  of  tannin.     Unfortunatel)'  this   almost  invariably 

iiminishes  the  sohibility  in  the  lower  portions  of  the  all- 

fiefitar\'  canal  as  well. 


V.    DEMULCENTS. 
(Sec  atfu  Chitp.  XXXI.  A.) 

iutlccnts  may  be  defined  as  n on -absorbable,  slimy, 
colloid  substances,  generally  soluble  in  water  and  insoluble 
in  alcohoL  They  verj'  markedly  diminish  the  characteristic 
taste  of  all  substances,  acid.  salt,  and  sweet,  as  well  as 
bitter. 

•  No)  (»ffic-iiil . 
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They  do  this  by  enveloping  the  substance  and  forming  a  pro- 
tective layer  over  the  nuirous  membrane,  and  in  this  way  pre- 
venting the  access  of  the  substance  to  the  taste  organs.  This,  of 
course,  diminishes  absorption  as  well  as  taste.  One  can  very 
readily  convince  himself  of  this  "  corrective"  action  by  mixing 
a  1%  solution  of  citric  acid  with  water  and  with  a  thin  starch 
paste.  The  latter  will  taste  verj-  much  less  sour.  Colloid  sub- 
stances of  this  kind  are  present  in  fruits  as  pectin  bodies,  and 
have  a  very  marked  infiuence  upon  their  taste.  'ITie  raspberry, 
for  instance,  actually  contains  more  acid  than  the  currant  and 
but  little  more  sugar,  its  less  sour  taste  being  due  to  the  greater 
amount  of  these  pectin  substances  present  in  it. 

Materia  Medica  of  Demulcents. 

5^*^  Acacia,  U.S.  H.  i  A^a/:nj-  gummi,  K.  P.  ) — Gum  ArabU. — 
A  gummy  exudation  of  Acacia  Senegal  and  other  species  of 
Acacia.     Africa.     Soluble  in  water,  precipitated  by  alcohol. 

;(,*;(;  MucUdgo  A caciet .     Dose  ad  libitum. 

if^if.Syrupus  Aeacia  (U.S.  P.).  Dose  ad  libitum.  (Mucilage, 
I ;  simple  syrup,  3. ) 

Tra^acantha. —  Tta^acantk. — A  gummy  exudation  from 
Astragaliib  guinmifer  and  other  species.  :Vsia  Minor.  Forms 
paste  with  hot  water. 

Muciia^o  Tragacantha. 

Pulvis  Tragacantha  Compositus,  B.  P. 

Cetrarla«  U.S.  P. — frdarui  Moss. — A  lichen,  Cetraria  island- 
icfl.  Iceland  and  Norway.  Also  contains  a  bitter  principle, 
which  can  be  extracted  by  cold  water.  Hoilcd  with  water  after 
previous  maceration  with  cold  water,  it  yields  a  jelly  (decoctum 
cetraria.  5%). 

Decoetum  cetraria^  U.S.  P. 

Chondrus,  U.S. P. — Irish  Moss  (Carrageen). — The  sea- 
weeds Chondrus  crispus  and  Giganlna  mammillosa.  Iceland 
and  North  America.     Yields  jelly  with  lioiling  water. 

Ulmus,  U.S.P. — Slippery  Eim. — Inner  bark  of  Ulmus  fulva, 
Urticacese.    North  America.    Used  as  decoction  (and  poultice). 

Mucilago  Ulmi,  U.S.P. 

Linum. — Linseed. — Flaxseed. — Seed  of  Linum  ustlatissi- 
mum,  Lineae  :  cultivated.  Mucilage  and  fixed  oil.  Used  as 
demulcent  in  the  form  of  de<ortion  made  from  the  whole  seed. 
The  meal  is  used  in  poultices  and  the  oil  like  other  bland  fixed 
oils. 

Linum  confusum,  B.  P. ,  crushed  linseed. 

Amyluro. — Starch. — The  official  is  the  corn-starch,  but  the 

*  Nor  official. 

The  most  tmporUnt  preptualions  are  marked  y*^. 
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"Other  starches  act  similarly.  They  are  also  used  a"*  niilrienls. 
Arrowroot  is  often  given  for  the  btter  purpose.  'Iliey  arc  boiled 
with  water ;  the  tlour  may  also  t)e  used,  but  is  not  as  smooth  : 

Amylum  1  Maidisj    --  corn-starch. 
*•         Tritici        ^  wheat  starch. 
**        Oryix       =^  rice  starch. 

Tapioca,  Sago,  etc. .  Inrlong  rather  to  the  nutrients. 

Oatmeal  porridge  is  a  convenient  way  of  administering  pills 
or  )>owders,  these  being  placed  in  the  center  of  some  of  the  por- 
ridge in  a  s])Oon. 

Other  demulcents,  not  quite  as  often  tised  for  this  purpose, 
are  the  following.      They  arc  all  used  as  decoctions  : 

*  SaUp.  —  The  tuber  of  various  species  of  Orchis;  contains 
gum  and  starch. 

Althsa,  U.S. P. — Mitrshmallmo. — ^The  root  of  Althaea  offi- 
tctnalis.  Malvatea:.     Gum  and  starch. 
Syrupus  Althaa,  U.S.  P. 

*MaIvo. — Leaves  and  flowers  of  Malva  silvestris  and  vul- 
garis, .Malvaceae.     Gunt  and  stanh. 

*  Verbascum. — j1/«//c/ff.  — Mowers  of  Vcrbascum  ihapsi- 
fomie,  Scrophulariaceae.      Gums. 

^Cydonia. — Quime. — Seed  of  Cydonia  vulgaris,  Ponmcex. 
bCutns. 

Muci/af^o  cydonia, 

Getatina,  B.P. — Ichihyocolla  (Isinglass^,  etc.  Various  jellies 
niay  Ik:  found  useful,  especially  in  giving  pills  to  children. 

*Dextrinum. — Dextrin. — Prepared  by  heating  starch  with 
nitric  acid.  Presents  all  the  characters  of  gum  arable,  and  fom^s 
the  princij>al  ingredient  of  commercial  mueiia^es.  A  good 
fomnula  for  this  is  the  following  (Sykes):  Mix  180  Gm.  of  dex- 
[trin  with  180  c.c.  cold  water :  add  240  c.c.  boiling  water  and 
boil  five  minutes,  stirring  constantly,  Add  hot  water  q.  s. 
400  c.c.  When  cold,  add  30  c.c.  dilute  acetic  acid,  10  drops 
carbolic  acid,  and  30  c.c  of  glycerin,  previously  mixed. 

VI.  SWEET  SUBSTANCES. 

The  ttasis  of  most  of  these  is  sugar — Saccharum.  U.S. P. 

[(Saccharum  puriticalmn,   B.P.) — used  in  the  granulated   form 

[(beet     or  cane-sugar  nuy   be   used   indifferently).      It   is   very 

fwidely  distributed  in  the  vegetable  kingdom.     Soluble  in  0.5 

jiarui  of  water  or  175  parts  alcohol. 

^*^Syrupus. — 85  Gra.  in  100  c.c;  made  by  heat  or  perco- 
lation. 

The  simple  syrup  should  be  but  rarely  used,  the  flavored 

•  Nut  cifficia). 

The  mcKl  imporluit  prrparalioiiB  are  marked  ^%, 
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preparations;  S.  Aurantii,  S.  Toiutanus,  and  especially  the  Klixir 
being  preferred. 

Honey  {  Mel  Despuniatum)  is  also  a  very  pleasant  flavor  when 
fresh  an4l  pure. 

Of  semi-solid  preparations,  the  thicker  arc  called  confections 
(Confectio  Ros«j.  Powders  may  be  incorporated  in  these,  but 
they  are  largely  obsolete.  Somewhat  thinner  preparations  were 
called  electuaries. 

Lump-sugar  is  useftil  for  administering  liquids  given  in  drop 
doses.  When  flavored  with  an  essential  oil,  it  is  called  eleosac- 
charum. 

Mapie-sugar — the  evaporated  sap  of  Acer  saccharinum,  Acer- 
accae,  Nonh  America — may  be  looked  upon  as  a  natural  eleo- 
saccharum. 

***  Saccharum  JLactis,  mi/k-sugar,  prepared  by  ei'aj)orating 
and  crystallizing  the  whey  of  cows'  milk,  is  often  used  as  a  dilu- 
ent for  powders,  its  hardness  facilitating  comminution  by  inter- 
vention (see  p.  47  ).     It  is  soluble  In  6  parts  of  water. 

Manna,  V.  S.  P. —  the  hardened  sap  oi  Fraxinus  omus,  Ole- 
aceai,  Mediterranean — contains  principally  mannit.  It  is  used 
as  a  laxative,  scarcely  ever  as  a  flavor. 

In  cases  where  sweetening  is  desired  and  sugar  is  excluded, 
particularly  in  cases  of  dialictes,  the  artificial  synthetic  product 
saccharin  may  be  substituted.  Il  is  about  three  hundred  times  as 
sweet  as  sugar,  but  the  laste  is  not  exactly  the  same.  The  dose 
for  a  cup  of  coffee  or  lea  is  about  one-half  to  one  grain.  Glycerin 
is  another  sweetening  substance  which  does  not  contain  sugar, 
and  is  sometimes  employed  in  place  of  saccharin.  A  principle 
of  quite  a  diflerent  kind  is  the  principle  of  giycyrrhiza.  This 
acts  only  in  alkaline  ti(]uids,  especially  ammoniacaL  It  has  no 
effect  if  the  liquid  is  made  acid. 

^^Saceharin  {Glusuiunty  B.P.), — Soluble  in  230  water  or 
30  alcohol.  It  is  believed  by  some  that  its  long-continued  use 
may  give  rise  to  nephritis. 

*  DuUtnum,  another  synthetic  product,  is  less  soluble  in  water. 

***  Glycerimtm.  —  Prepared  by  the  decomposition  of  tats  and 
distillation.  Should  lie  colorless,  oily,  soluble  in  water  or  alcohol, 
insoluble  in  ether,  oils,  etc. 

Its  uses  as  a  solvent,  preservative,  and  emollient  are  discussed 
elsewhere.  It  is  not  of  much  use  as  a  flavor,  since  its  taste  is 
rather  disagreeable  to  most  people. 

Giycyrrhiza,  U.S.P.  (  Giycyrrhiza  radix,  B.P.). — Licorice. 
— Root  of  Giycyrrhiza  glabra,  Leguminosae.  Southern  Europe 
and  western  Asia,  Its  taste  is  especially  agreeable  to  children ; 
less  so  to  adults.     It  is  also  demulcent. 
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Ghcyrrkitin  (a  glucosid,  the  ammonium  salt  of  which  causes 
the  taste);  sugar,  starch. 
Preparations  : 

Ex/ractum  G. — The  watery  extract  evaporated  to  a  soKd  con- 
sistency (and  usually  formed  into  rolls).     Sohible  in  water. 

^*^£x/ra£/um  G.  fluidum. — One-third  alcohol  and  5'^  am- 
monia water.     Misctble  with  water andalcohol.    Doscad  libituia. 

^Syrupus  G.,  N.F. 

^*j^£/ixir  C,  N.F.,  EHxir  G.  aromaticum. — ^Twelve  per 
cent,  of  solid  extra*  t. 

Olycyrrhizinum  Aminoniatum.U.S.  P. — Prepared  by  pre- 
cipitating an  aqueous  alkaline  extract  by  sulphuric  acid,  dissolv- 
ing in  ammonia,  and  evaporating'  the  solution.  Soluble  in  water 
or  all  ohol.  ll  poH-ses.ses  no  advantage  over  the  extract,  and  is 
devoid  of  the  demulcent  properties.  Dose,  0.3  to  0.6  Gm.  (5 
to  10  grains). 

Other  sugars — glucose,  molasses,  manna,  maltose,  etc. — are 
of  small  importance  as  flavors. 

*Olucose. — Prepared  by  acting  on  corn -starch  with  hot  dilute 
sulphuric  ai  id.  and  found  in  commerce  cither  as  a  synip  or  in 
solid  masses,  [t  is  nut  as  sweet  as  sug!»r,  and  generally  contains 
dextrin,  which  makes  it  less  easily  absorbed.  It  is  less  soluble 
than  cane-sugar  in  water,  but  more  so  in  alcohol. 

VU.  FLAVORS  PROPER. 

Tliese  cnn.sist  for  the  most  part  o{  essential  oils,  acting 
at  once  upon  tlie  urjfans  of  taste  and  smell.  Sometimes, 
however,  other  solid  principles  form  the  flavoring  principle. 

Kssciitial  oils  act  partly  as  reflex  stimulants,  and  in  that 
connection  they  will  again  be  considered  in  Cliapter  XXIX. 
They  consist  of  a  soli<I  and  a  liquid  |>orti<)n  fstcaroptcne  and 
elcoptene).  the  latter  beiny  the  stronger.  They  are  soluble 
in  alcohol  and  in  ether,  and  only  to  an  extremely  small  ex- 
tent in  water,  but  sufficiently  so  to  impart  their  flavor  to  it. 

These  oils  arc  prepared  by  distillation  ptr  St\  with  water, 
or  by  expression,  or  by  solution  with  appropriate  solvents, 
or  by  absorbing  them  with  fixed  oils.  They  are  preferred 
to  preparations  made  directly  from  the  drug,  since  they  are 
free  from  other  extractive  material.  The  essential  oils 
lose  their  flavors  very  reailily  on  keeping  titrough  the  de- 
velopment of  ozone,  etc.  Their  keeping  quality  may  be 
very  mucli  improved  by  adding  to  them  three  volumes  of 
alcohol  and  using  a  correspondingly  larger  amount  in  the 

•  N«H  otficial 

The  mi»t  noportmot  piepantioiu  txe  DUik«d  ^*^ 
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preparations.  They  may  be  divided  into  swt-trtish  and  aro- 
matic flavors.  To  tlitst;  may  be  added  the  acid  flavors  be- 
longing to  miscellaneous  groups  having  other  therapeutic 

qualities. 

Table  of   Materia  Hedica   of   Plants   Containing   Odorous 

Flavoring  Principles. 

(A)  Sweet  Flavors. 

/.  j^wv  Flavors. 


Nank. 
^  Roia  damaieena     .    . 


*'     (other  species) 
'  FruUi 

*  PtlargoHium      .    .    . 

•  .4mfrf/vg0ti  HiirJtts  . 


Familv. 
Kosoceo:, 


Cultivated. 


.  Germiiiaceoe. 
.  Gnuninea. 


*  Rofrtarinut  o^nnatis.    I^abiato.  Ciiltivaled. 


Haiiitat.  Active  i>itiHCin.K. 

Soutlieni  Kurope    Oil  of  roftc  (ottarof 
a  II  <l   Till  key  ;        niLSc. ) 
cultivated. 

ViiUtile  oil. 
Vnlstilc  oils  aad 

ethers. 
Oil    of   rose    gem* 

iiiura. 
Oil  of  Iciiion  gnss. 
Oil  of  liidJMi  gera- 

niiira. 
Oil  of  roscmaTj, 


Hut  India. 


//.    Other  Fltrwers. 
(Oftea  including  the  plant) 


Namk. 

Lavandula  vera 


Mtliisa  ofitinaiit 


Family. 
Labiatie. 


*  Motiarda  pututata.        '* 

*  THfolinm  (species).  LegnminooK. 

*  Mflilotm  cfficinalis.  " 

*  C'i/rui  aurantium  .  Rulacco:. 


Part 
Habitat.  Uxico. 

Southern    Eu-  Flowera. 
rope  ;     culti- 
ratnl. 

Southern     Eu-  Plunt. 
rope  ;     culti- 
vated. 

North  America.      " 


Cultivated. 


Flowers. 


*  Sfirtra  temuMiosa    .  RtMacear. 
**  IritJhrtntiHa  .    .  Iri(I«c. 

Amthtmis  nohilh    .  Caaipnsitae. 

Sa»nhtcus  (speciesj  Caprifulioceae. 

*  Tiiia  (species)    .    .  Tiliacew. 
Sah'ia  offiiinaUi    .  LabiaUc. 


North  Aiaencn.  Plant. 
Northern  Ila1]r;  Root. 

culti  vatc<l. 
Temperate  zone.  Chamomile  Oil. 

*•  Elder  flow-  Oil. 

era. 
"  I.Hiden  •' 

flowers. 
"  Sage  herb.    " 


ACTIVE 
PatNriPLK. 

Oil  of  laven- 
der. 

Oil    of  bolm. 

Bitter  prio- 

dptc. 
Oil. 


Oil  of  Orange 
flowers  (oil 
of  netoli). 

Oil. 

Oil  and  bitter 
principle. 
Bitter. 


Gum. 

GlUD. 

Tannin. 


1  Ruse  Oil :  Tlie  elruplrne  is  the  nin<il  valuable  part. 

•  The  greater  number  cf  the  common  fruitii  are  obtained  from  plnnl«  of  the 
family  of  Ko^accT.      l-'niit  jeliy^  are  useful  to  disgui'.e  the  lasie  of  ptlls,  etc, 

*  *  Iris.     Other  sjiecirs  uf  iri%  may  be  uM^d  similarly,  and  are  especiallj 
employed  for  flavoring  powders. 

<*Not  oAKciol. 
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///.  Soiiii  Odorous  PrineipUs. 

Pa»T       AcTtVB 

!fAMB.  Fkuit.  Family.  HAPiTAr.  Cseo.  Principlr. 

*  Vanilla 

ftlxmjolia.   Vuiilta  benn.  Urchidac^F.  Central  America.  Fniil.  Vanillin. 

•  •  Dipterix 

odiffo/a     ,  Tonka  bema.  Leguniiiiuftic.  Guiana.  Fniil.  Couiuarin. 


/K    Ot/aretts  Rest'ns  (Bahams  afui  Gum-rfsim). 

Thr»r  usually  cijiitain  benzoic  ur  cininLtnuniic  octd  with  volatile  oils.    The/ 
■re  slightly  antiseplic  and  locally  slimulant 

1.  GuM-KESiNs  (emulsifying  when  rubbed  viih  water): 

Namr.                           Sui'kck-                          Family.  Habitat. 

Ga/himum   .    .  Femta  Oelbanum.  Umbellifene.  Penia. 

Ammaniamtn  .  Dorema  Ammoniacum.               "  ** 

Olilmnunt    .    .  Boitwcllia.  Buneracear.  Africa  and  Arabia. 
I  Frankincense) 

JdyrrHa   .   .    .  Commipbora  Myrrtia.                  "  "       "      " 

X    Balsamic  fttsnts  (insoluble  in  water,  soluble  in  alcc^ol  or  ether): 

Xams.  Sot'Kcu.  Family.  Hamitat. 

BtHwmum  .  Styrax  betiioin,  Styraceec.  Sumatra  and  )bvil 

Sa/iamum 

ffrui'iaHum  Toluifera  pereine. 

itt/uiafiMtri  "        balsamum. 

Lffuuiamhtr      Uquidamlier  KtyraciHua.     Ilaniamrlidea;.   North  and  Central 

(Sweet  gum)  America. 

Styr^tx      ...  •'  orientiUiik.  "  Asia  Minor. 

*  P^ptUaa       .    ,  I\iplar  buds  are  covered  with  a  balsamic  resin. 
(Biam  of  Gilead) 


LeguminoBse.      Central  Ainertca. 
"  Venezuela. 


Mm^kut. 


V.   Musk  Flavors.^ 

Cattorntm.     Sumbul. 


*  V*«Nit.l.A.  The  Haror  is  much  improved  by  a  fennentation  to  which  it 
is  subjected.  The  flavuriitg  phnciple  is  I'amUm,  an  aldehyd,  which  con 
Abu  be  obtained  syntliettciilly. 

*  Vanilla  flavonng  is  often  falstlied  with  tenia  bean. 

'  MrsK  Flaviws.     The   products  were    formerly  all    i^tnined  from   the 
uuBial  kingdom,  but  some  are  now  made  synthetical ly.     The  princitial  is — 
M06CIIUS,  musk,  the  dried  sccretioa  of  the  preputial  follicles  of  Moschus 
tmschifcTUs,  Thibet  snd  China. 

Tlie  odor  of  the  tincture  improves  on  keeping.  Also  possesses  in  hi(;h 
degree  the  properly,  common  to  all  odorous  oils,  of  retlexly  stimulating  the 
oinlulla. 

Soote  other  :inrnuils  yield  similar  products  which  are  u*cd  in  pcrfixming,  but 
are  of  do  impurtance  in  medicine.  The  same  holds  Inie  of  the  synthetic 
safaatitutea. 

Kmuoffll  plants,  the  Sumbul  also  shows  a  atmilnr  odor. 

*  Castokwh.      Frum  the  preputial    fnllirleft  of  Castor  fiber. 

*  Not  nfficial. 
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(B)  Aromatic  Flavors. 

/.    Orange  Flavors, 

The  volatile  oil  is  contained  in  targe  cells  of  the  rind  of  the  fruit.  Hie 
plants  all  belong  to  the  family  Rutaceae, -and  are  cultivated  along  the 'Medi- 
terranean and  in  Florida  and  California.  Citrus  vulgaris  also  contains  a  bitter 
principle. 

Namb.  Product. 

Citrus  vulgaris.  Oleum  Aurantii  Amari. 

"     Aurantium,  "  •*       duldi. 

"     Limonum.  "     Umonis. 

"     Bergamia,  "    Bei^amottse. 

II.  Menfhoi  and  Similar  Flavors. 
The  stearoptene  of  the  oil  is  menthol  or  thymol.     The  whole  plant  is  used. 
Name.  Common  Namb.       Family.  Habitat. 

Mentha  piperita  ....  Peppennint.         Lebiatae.         North  America,  etc. 

"        viridis    ....  Spearmint.  "  ' 

"       (other  species) 
*  Thymus  vulgaris    .    ,    .  Thyme.  Labiatse.         Cultivated. 

///.  Flavors  from  Umbellifera. 

The  oils  are  contained  principally  in  the  seed  or  root.  The  plant  grow  in 
temperate  climates  and  are  largely  cultivated. 

Seeds  :       Carum  Carvi,      Caraway. 

*  "       PetroseHnum.     ftirsley. 

*  Apium  graveolens.     Celery. 
Pimpinella  Artisum.     Anise. 
Anethum  Feenieulum.     Fennel. 

*  "         graveolens.      Dill. 
Coriandrum  sativum.     Coriander. 

*  Daucus  Carota.     Carrot. 

*  Cuminum-  Cyminum.     Cumin. 
Roots:  *  Angelica  purpurea.      Angelica. 

*  Archangelica  officinalis.     ** 

*  Osmorrhiza  longistylis.     Sweet  Cicely. 

niicium  verum  (star  anise,  family  Magnoliacex)  resembles  anise  greatly 
in  flavor ;  other  genera  of  the  family  (Magnolia  acuminata)  also  possess  very 
aromatic  fruits. 

//'.    Other  Sweet  Aromatics. 


Common 

Namk.                  Namb.           Family. 

■  Habitat. 

Part  Usbd. 

Sassafras  officinalis.                     I^auracea:. 

North 

Root  bark  (other 

America. 

portions  of  the 
plant  also  con- 
tain the  oil). 

Acorus  Calamus   .  Sweet  flag.  Araceie. 

North 
America. 

Root 

Aralia       quinquc- 
folia  .    .    .  Ginseng,       Araliacea?.  **  " 

(Other  species  also  contain  similar  principles.     This  drug  is  highly  valaed 
by  the  Chinese.) 
*  Trigortella  Fa:num 

Gracum     .    .    .  Fenugreek   I^guminospc.  India,  Medi-   Seeds. 

torranean  ; 
cultivated. 
•Not  official. 
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y.  Pui^ent  Volatile  Oils  and  Hesins. 

Fahilv.  Habitat, 


Common 
Nahb. 


Namb. 
*  GanUktria  procum- 

i*m Winteigreen. 


Part 

USBD. 


Caryopkyllum 


Pimenta  ojffidnaits  . 

Cinnamomum  (Cassia 
or  Zeylanicnm.)  .    . 
Afyristua  Jragrans 


Pipfr  nigrum. 


,  Cloves.  Unex- 
panded  flowers 
of  Eugenia 
caryophyllata. 

,  Allspice. 


Ericaceae.     North  America.    Hab. 
Myrtacese.  Tropics;  culti- 
vated. 


Nutmeg  (Myris- 
tica)=seed; 
mace(aiacis):= 
seed  envelope 
(arillode). 

Black  pe[q>eT. 


Myrtacese.  Tropical     Amer-  Fruit 
ica;  cultivated. 

Lauracese.  China  or  Ceylon.  Bark. 
Myristica-  Cultivated  in  trop- 
cex.  ical  countries. 


(Piper  album  is  the  above  peeled.) 
Elettmria      Cardomth- 

mum Cardamon. 

^  Zingiber  officimale.    .  Ginger. 

*  Asarum  eanademe.  .  Wild  ginger. 

Cafsitum  fastigiatum.  Red   pepper. 


Fiperacese.  India ;  cultivated  Unripe 
in  tropics.  seed. 


Zingiber.     India;  cultivated.  FruiL 

aceae. 
Zingiber- 

acese. 
Aristolo- 

chiacese. 
Solanacese. 


Tropics ;     culti> 

vated. 
N(»th  America. 


Rfai- 
Kwoe. 
Root 


.  Cultivated  in  trop-  Fiuh. 
ical  countries. 

VI.  Hydrocyanic  Acid  Flavors. 

These  are  contained  in  the  kernels,  leaves,  and  bark  of  many  plants  of  the 
rose  family. 

Of  srane  importance  are  : 
Amygdala  amara  (U.S. P.).     Bitter  almonds.     The  seeds  of  Amyg.  Am., 
family  AmygdalaceK.     Cultivated.     The  oil  is  chiefly  benzaldehyd,  C,HfO 
with  HCN.     Nitrobenzol  ha.s  a  very  similar  odor. 
Prunus  serotifta.     Wild  cheny  bark.     (Tannin. ) 
PruHtti  laurocerasus  (B.P.).     Cbeiry  laurel  leaves. 

(C)  Preparations  of  the  Foresolngf, 

All  the  plants  may  be  used  in  the  form  of  decoetion  or  infusion^  employing 
the  usual  strength  of  i ;  20. 

I.  Volatile  Oili,  official.  Used  for  flavoring  in  proportion  of  I  drop  to  the 
ounce  (0.2  :  100),  but  only  in  alcoholic  liquids  (they  should  be  preserved 
diluted  with  3  volumes  of  alcohol): 

Oleiun  Amvgdalse  Amane,  U.S.P.  Oleum  Bergamottae,  U.S.P. 

Ane'thi,  HP.  Betulae  Volatilis,  U.S.  P. 

Anisi,  B.P.,  U.S. P.  Carui.  U.S. P.,  B.P. 

Anthemidis  B.P.  Caryophylli,  U.S.P.,  B.P. 

Aurantii  Corticis  U.S.P.  Cinnaraomi,  U.S.?.,  B.P. 

"       Florum,  U.S.P.  Coriandri,  U.S.P.,  B.P. 

'  The  oil  is  methyl  salicylate,  and  in  larger  doses  shares  the  therapeutic 
pfvperties  of  salicylic  acid. 

^  Several  varieties  are  on  the  market.     Besides  the  volatile  oil,  it  contain! 
ream,  staidi,  and  mucilage. 

*  Not  ofiicial. 
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Oleum  Foeniculi,  U.S.?.  Oleum  Myrcise,  U.S.P. 

Gaultheriw,  U.S.P.  Myristicse,  U.S.P.,  B.P. 

Lavandube    Florum,    U.S.P.,  pimente,  U.S.P.,  B.P. 

B.P.  Ross,  U.S.P.,  B.P. 

Limonis,  U.S.P.,  B.P.  Rosmarini,  U.S.P.,  B.P. 

Mentha  Piperitse,  U.S  P.,  B.P.  Sassafras,, U.S.P. 

"       Viridis,  U.S.P.,  B.P.  Thymi,  U.S.P. 

2.  Oleoresina.     (Not  used  for  flavoring  ;  strongly  irritant.) 

3.  Aqua.     (Dose  of  the  flavoring  waters  is  ad  libitum.) 

(Official  in  botli  Pharmacopoeias.) 
Aqua  Amygdalae  Amane.  Aqua  Fceniculi. 

^^  Anisi.  ^^  Mentha  Piperitse. 

^^  Aurantii  Fhrum.  "       Viridis, 

"  "        Fortior.  ^^  Rosse. 

Cinnamomi.  "       Fortior. 

4.  Spirits.     (Only  miscible  with  alcoholic  liquids ;    for  flavoring,  10  drops  to 

3,2:100.) 
The  following  are  official  in  the  U.S.P. : 

Spiritui  Amygdalae  Amane.  Spirttus  Lavandulae  (also  B.P.). 

Anisi  (also  B.P.).  Limonis. 

Aurantii.  Mentha  Piperitse  (also  B.P.). 

#*<j        "      Compositus  (\i\caAtA  "      Viridis. 

aromalics).  Myrciae. 

Cinnamomi  (also  B.P.).  Myristicx  (also  B.F.). 
Gaultherise. 

National  Formulary  : 
Spiritus  Cardamomi  Compositus. 

5.  Elixirs.     Miscible  with  water  and  alcohol.     The  aromatics  tre  blended 

in  the'proper  proportions.     Dose  ad  libitum.     The  following  are  purely 
for  flavoring : 
Official : 
^*jj  Elixir  Aromatieum, 
National  Formulary  : 
£'/(>i>  Adjuvans  (contains  licorice).  £/tn>Gentianae.* 

^^  Anisi  (anise  cordial).  ^^  Glycyrrhixa. 

Curassao, 

6.  Tinctures.     Dose,  10  drops  to  5  (i  :  loo). 

Official  in  U.S.P.  :» 

Menstruum  = 

ii  Alcohol.  Misciblh  with: 

Tinctura  Moschi 5  ^  Alcohol  and  water. 

Cinnamomi 10  ^  •*         «<       « 

^*^  Genliatta  co ID  %  "          "        « 

(aromatics). 

Tolutana lo  \  Alcohol. 

^^  Vanillie 10  %  "       and  water. 

Benzoini 20  \  *' 

Aurantii  Amar 20  %  " 

"        Dulc.  (B.P.)   ....  20  I  " 

Myrrhx 20  I  '* 

»%Zin^"*cm  (B.P.) 20  I  "       and  water. 

Lavandula  Comp.  (B.P.)     .    .  ^  ..<<.. 

Cardamomi  Comp.  (B.P.)    .    .  y^  t<         <.       .< 

^  This  is  detannated  and  may  be  used  where  iron  is  to  be  administered  in 
combination  with  a  bitter. 

>  Those  marked  (B.P.)  are  also  official  in  the  British  Pharmacopoeia. 
The  most  important  preparations  are  marked  ^^. 
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Natiofial  Ffmnnluy : 
^%  Tinctura  Aromatica. 

7.  Syrupt.  ^     Dose  ad  libitum. 
Official  in  U.S. P.  i 

Syrnpus  Acidi  Citrid.  Synipus  Pnioi  Vimoiansc  (R.P.). 

Amygdalae.  Rosse  (B.P.). 

Aromaticus  (B.F.).  Rubi  Idsei. 

,%   Auraotii  (B.P.).  Sarsaparillie  Comp. 

"         FlonuD  (B.P.).  ^^*^^  Tolutanus. 

Umonis  (B.P.).  Ziogiberis  (B.P.). 
Ficis  Liquidec. 

National  Fonnatarjr : 
Synipus  CoffcBB.  ^|%  Syrupus  Gtycyrrkisue. 

Cinnamomi. 

8.  HoHtyt. 
Official: 

Mel  Rosae,  U.S.P.     Borads;  Oxymel. ;  Oxymel  Sdllae,  B.P. 

9.  Confections. 

Official: 
G>iifectio  RosK,  U.S. P.     Piperis,  Rosae  Gallicse,  Senme,  Sulpburis,  B.P. 

10.  Species. 
National  Formulary : 

^%  Species  pectorales :  contains  Althaea,  Tussilago,  Glycyrrhiza,  Anise,  Mul- 
lein, Orris.     Infusion  made  i  :  10.     Dose,  teacup. 

(D)  Acid  Flavors. 

These  are  among  the  most  useful  for  disguising  an 
unpleasant  taste.  They  also  aid  in  dissolving  such  sub- 
stances as  alkaloids,  and  assist  the  absorption  of  liquids. 

A  larger  amount  of  cold  water  can  be  taken  and  disposed  of 
when  it  is  used  in  the  form  of  lemonade  or  as  soda-water — t.e.j 
water  saturated  with  CO,.  The  latter  acid  and  organic  acids,  espe- 
cially citric,  are  the  most  useful.  The  mineral  acids  should  not 
be  employed,  since  they  are  liable  to  cause  gastritis  if  their  use  is 
continued.  Carbonic  acid  is  useful  especially  for  the  administra- 
tion of  salts,  and  is  most  conveniently  used  in  the  form  of 
granular  effervescent  salts.  Citric  acid  is  used  in  the  proportion 
of  2  grains  to  the  ounce  (0.4  :  100),  or  it  may  be  employed  in 
the  form  of  Syrupus  Acidi  Citrici  (i^,  flavored  with  lemon). 

Tartaric  acid  may  be  used  in  the  same  proportion. 

(E)  Miscellaneous  Flavors   belongfins:  to  Other  Groups. 

1.  Caffein  Flavors. — ^These,  as  well   as   the   beef-extracts,  are 

discussed  in  Chapter  VIII  (B). 

2.  Alcohol  Flavors. — Discussed  in  Chapter  XIX  (B). 

1  Tboie  marked  (B.P.)  are  also  offidal  in  the  British  Pbarmacopccia. 
The  most  important  preparations  are  marked  «*^. 
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3.  Bitter  Flavors. — These  are  especially  agreeable  to  men  and 
disagreeable  to  women  and  children.  The  active  part  are 
alkaloids,  glucosids,  or  other  unclassified  "bitter  prin- 
ciples. ' '  They  are  most  often  given  for  their  physiologic 
effect  and  will  receive  more  extended  notice  in  Chapter 
XXX  (A).  As  flavors,  they  are  best  combined  with  strong 
aromatics. 


PART  II. 

PHARMACOLOGY.  THERAPEUTICS.  AND 
MATERIA  MEDICA. 


CHAPTER  VII. 

INTRODUCTION   TO    PHARMACOLOGY;    HISTORY 
OF  THERAPEUTICS. 

(A)  INTRODUCTION  TO  PHARMACOLOGY. 

1.  Scope. — III  lis  wiiieal  xnae,  phanuucolugy  >igiii5e*  <r//  knowledge  per- 
taining to  drags,  anil  in  ihin  MnM  iu  tncaning  n  aJtumt  aa  cumprcbeosire  ms 
ihat  of  "scicucc.''  Il  includes  materia  medica,  <:bcin)Mry,  loulog)',  boUuijr, 
pbinoacv.  tbcTBpcuUi:^  phy.siiilt^,  pathulufo* — in  fuel,  bII  the  iiulijccU  fnrm- 
ing  the  medical  curriculum  and  some  olhers  besides ;  subjrcis  which  are  Uught 
elaewhere,  and  which  it  i«.  oi  course,  luiftuftsible  to  tike  u|i  here,  although 
excunautu  may  be  made  inlo  their  licld  when  this  appears  prulttaUc. 

It  woald  be  very  difficult  for  the  iludenl  lo  umfersland  general  principles 
mutl  he  is  in  pouessiun  of  a  ^ulTicieiit  quatitily  of  fiici«  and  details  on  which 
to  haic  ihem.  It  would,  therefore,  be  a  great  losi  of  time  to  begin  with  a 
lliofTiugb  discuMion  of  the  [>rinciple«  and  lo  tflke  up  the  details  later.  On  the 
othet  ^utd.  It  would  be  equully  dttTKult  to  tir»l  Aiudy  nil  the  details  and  later 
dtdiice  the  principle.  The  proper  way  ii,  lo  carry  on  the  two  it  once.  But 
ft  i»  plain  that  the  more  details  and  facts  we  have  inaatered,  the  better  can  we 
group  tbem ;  and  as  the  dctAils  constitute  the  dry  facts  of  science  aud  the 
noeralualiotu  liie  more  inlrre»ting  parts,  no  il  must  be  expected  that  the  sub- 
jaet  MetDs  at  first  dry.  uninlereittiiig,  and  uupmctical.  Ktil  the  more  faithfully 
COS  has  worked  his  way  through  this  period,  the  richer  will  be  the  reward  in 
the  end,  the  better  the  oodcrstanding  of  the  subject. 

2.  Definition  and  Relations. — Pharmacology  (some- 
timcs  called  t-rpt^nint^uta/  t/wtapt-utUs  <>t pharmacotiytiattncs), 
in  its  modem  meaning,  treats  of  the  action  of  cliemic  sub- 
stance!) on  living  tissues — of  the  changes  protJuced  in  the 
structure,  composition,  and  function  of  li\ing  bodies  by  un- 
organized, chemically  actiny  substances,  not  belonging  to 
their  normal  environment'     Pharmacology  thcrclbrc  goes 

*  {"hivkocbemic  pbenotnetta  like  osmosis  and  soluttoo  are  iocltided  Ui  tlw 
tciiD  "  ehnnic  action  "  in  this  dcfinitioa. 
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a  step  further  than  what  used  t<j  be  called  tlie  "  physio- 
lof^ic  action."  in  that  it  aims  to  furnish  the  explanatwn  for 
the  changes  observed. 

The  alHcd  sciences,  materia  medlca  and  pharmacoj^osy, 
treat  of  the  hist<jry,  apix-arancc.  and  physical  and  chcmic 
characters  and  doses  of  these  substances  ;  pharmacy  of 
their  i)reparatiijii  ;  therapeutics  of  tlieir  application  in  the 
treatment  of  disca,se.  Toxicology  treats  of  those  substances 
which  are  particularly  apt  to  occasion  deleterious  effects. 

In  the  Mrict  limits  of  llir  (Icfinilion,  phnnnncology  is  only  one  brmnch  of 
biol<«gy.  It  treats  •iiniply  of  n  nutnlxr  nf  scipntlfic  fiitcu  without  occupying 
itwlf  with  tile  piactiuil  dcduclinii)!  wiiich  nuy  be  drawn  from  the»c.  The 
cfiiKts  of  the  rarritl  chtrtniL-al  upon  the  tvitA  form  of  fern  are  as  iiiiitortaut  lo  il 
Ka  iti  the*  acttuii  of  digit.ihs  in  cardiac  di««as«.  Hut  Miiro  we  will  tioI  study  it 
as  an  abstract  sdcnce,  hut  lu  a  p«rt  of  medicine,  we  »hnll  lay  stress  princi- 
pally  upon  lis  practical  application.  It  i<t  none  the  Ic^s  iin[M><i.^ihIe  !•>  give  a 
guffd  kiiuwledge  of  the  Mibject,  even  from  n  prtciioil  sliinrti»oinl,  wilhont 
Ukuig  up  sumc  sub»(auce&  which  nre  not  of  present  imporlflncc.  either  as 
medicine*  or  ks  p^MHoiis,  for  the  list  of  these  is  constantly  changing.  Ju»t  as 
every  physician  has  his  own  mnterin  medim,  so  hns  every  country,  every  gen- 
eration, every  year. 

It  must  alHO  be  reinernhered  that  this  liottk  \\  inteiide«I  fur  Miidy  as  much  ai 
for  reference,  and,  consequently,  such  effects  ns  are  obtnincd  from  a  large  num- 
ber of  drugs  fire  studied  more  panicularly  an  those  drng.s  in  which  the  actian 
is  most  charictcristic,  even  if  these  ilnigs  ^ihoiild  titil  be  so  widely  Vnown. 

The  objects  of  pharmacology  arc :  [  i)  To  determine  the 
chemic  structure  of  medicines ;  (2)  the  functional  changes 
\vhich  they  occasion  ;  (3)  their  fate  in  the  body. 

The  Relations  of  Pharmacology. — From  the  above  delinhion  it  will 
be  readily  seen  how  closely  pharmacologj*  is  connected  with  olher  sdcoces. 
I''ir^tly,  in  its  mefhoJs,  which  are  only  m<xlitica|i«ins  of  thuv.'  employed  in  other 
reiwari-'h.  For  its  intelUgcnl  >tu(ly  it  rciiuircs  ds  a  ]>rrhniinary  a  knowledge  of 
the  anatomy,  histology,  chemistry,  and  physiiolog^*  of  the  living  Ixxly,  normal 
and  as  miilitied  by  disease,  as  well  as  of  the  chemic  ttiructure  of  the  modifying 
substance.-*  (medicines). 

It  i&  related  in  particalar  lo  chemtsiry^  in  that  it  deals  <n,*ilh  chemic  sub- 
stances ;  in  that  the  composition  of  these  often  gives  vnluablc  clues  lo  their 
actions  ;  and,  further,  in  tbul  all  pharmacologic  actions  rest  on  a  chemic  basb; 
they  are,  in  fact,  reactions  between  the  reagent  and  the  living  protoplaasn. 

It  is  related  to  pfiysialagy,  and  through  it  to  hitlolof^  and  antttt*my,  in 
Uiat  it  studies  (he  modiftcations  produced  in  physiotogic  pFoces«es  and  struc- 
tures by  phannaculogic  reagents. 

It  IS  relali-d  to  /ii/Am/u^'and  clinidil  lUfitirinf,  since  its  nblilarion  aim  k  to 
reduce  pathologic  processes  to  the  physiologic.  Unless  the  former  are  well 
understood,  it  is.  of  courM,  impossible  to  a|>ply  a  rational  leinedy. 

On  the  other  hand,  pharmacology,  trcalerf  simply  as  a  biologic  science,  has 
given  valuable  aid  to  all  of  these  branches.  Il  has  ai'Ied  medicine,  in  that  it 
alone  made  rational  theni{>rulics  n  possibihiy  -.  pathology,  in  throwing  light 
qpon  pathologic  prmx^ses,  such  as.  for  instance,  the  infectious  diseases.  It  is 
a  fre<{ueut  aid  in  physiologic  invesiigolton,  poisons  serving  to  stimulate  or  {mit«- 
Ijrxe  Alroctures  inacccs&ible  to  the  !<»lpel  or  electrodes.  Il  lias  alM>  been  tised 
in  hi>itnlogy  !    The  action  of  atropin  is  one  of  the  most  ready  methods  of  dif> 
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rerenlialing  betwreo  striped  siid  anstrip(^d  muscles.  In  chcmistiy  pbumaco- 
UfiK  WktuMi  hiu  rrcn  been  usrd  tu  aid  in  tlic  detcnniiiatiun  uf  doubtful  cuasU- 
tutiurMl  formnlos, 

It  \i*i  tu  fcccot  yean  been  sliown  Uiat  many  processes  or  the  Donnal  and 
pAlbulugic  ufgasism  arc  dependent  uptHi  wliat  ore  ilrictly  phannaculuglc 
•rtions.  \Ve  tired  only  mrntinn  animal  extracts,  toxins,  antitoxins,  coiob 
diabeticum,  etc.  ;  ami  the  cud  of  tlii»  Im  not  yet  been  renched. 

tt  is  erf  i.-uur>e.  iinpussible  lu  aroid  a  certain  amininl  of  uvctUppitiK  of  ibese 
srkncm.  but  in  view  of  the  importance  of  the  wbjccts,  it  wiU  be  no  disadvan- 
tage to  bate  tbem  preaenled  from  several  points  of  view. 

3,  Nature  of  Pharmacologic  Action. — ^Pharmacologic 
action  must  be  conceiN  uti  as  purely  cheniic.  The  action  of 
'  the  substance  produces  often  the  .same  changes  in  the  living 
as  in  the  dead  organism;  <•.  ^.,  H.SO^  and  other  caustics. 
Olhcr  substances  produce  changes  mainly  or  solely  in  the 
labile  hving  molecule;  <:  g.,  many  of  the  extremely  active 
muscle  and  nerve  poisons,  as  most  alkaloids  and  glucosids. 

Vi*hilewe  cannot  a»yct  altempi  to  explain  nil  the  phenomena  of  life  by  phy- 

I  sical  oftd  chemk  tnw»,  we  know,  lleveIthele^s.  thai  n  ceitain  cliemic  inlei^rity 

,  i»  neceMorr  fur  the  pn^r  perfi )ntiaitcc  uf  their  runctit«iu>.     When  wc  change 

Ihis  in  any  way,  whrn  we  inlrclucc  into  the  pmloplasm  a  «traiige  molecule, 

,  tilings  gM  entirely  diffrrenL     We  mu^i  rT,'incO)ber  that  ihe  chemic  combina- 

livn  ttf  the  miJecult-s  uf  prutuiilojim  is  not  so  much  of  the  uuluie  uf  the  cuui- 

binaliiin  nf   Na  and  (.'I,  but  more  of  that  of  \at'l  with   ^(/^  in  a  solution; 

ai»d  wtwn   we  spenk  uf  tlieir  cliauKiii);  in  cheiiiic  conijxjisi Lion,    we   often  do 

I  tv^(  mean  vtich  atomic  changes  a»  thoic  occatioiicd  by  the  carl>oniMiig  action 

\  </  }{fSO^,  but  rather  a«  those  of  precipitation  nf  globulin  by  water. 

tt  IS  indeed  imi'Mi^siblc,  with  our  present  knowledge  even  of  dead  proteido, 

•0  art  up  eiiuattotis  for  such  actions.      When  Ihe  eiuinnou:*  ctiruplcxity  of  these 

molecules  is  Imme  in  mind,  it  iH>ed   not  surprise  us  to  find   that  we  cannot 

always  overwe  their  actions.     Pflllger  illustrates  the  relative  »i<c  of  the  living 

I  pcutuplasmic  niotccule  to  tliat  of  the  urdiivary  chcniic  molecule  by  cuuii>aring 

IH  10  the  diflerence  in  fiue  of  (he  ^un  and  nf  the  !vnmlle-it  meteor.     The  num- 

tbcr  of  altats  entering  into  such  a  molecule  muM  be  high  in  the  thousands, 

I  l-ifHig  organisiufi  aie,  tlietefotc,  very  far  from  being  as  simple  in  llicir  reactions 

I  Ks  lert-tube  rMigenlA.    It  is  at  present  quite  impossible  to  say,  from  any  chemic 

I  starKlpTHnt.  why  »tiychnin  should  altnck  the  central  nervous  system  rather  than 

I  the  f^npheral   ner\e^,  nor  i(  il  alwayi  tnie  thnt  dnt(;s  of  similar  com[KXi>ition 

I  ha*e  the  same  action,  as  wc  miglit  argue  fnim  tliis  theory  of  chemic  action. 

J  None  the  lr<f  ihe  rule  is  *.o  frequent,  that  stibstances  of  similar  structure  do 

I  have  a  similar  aetion,  ind  «imilar  structures  are  affected  by  ilie  same  drug, 

I  that  it  *ap|iOTts  the  cliemic  theory.    There  ore,  indeed,  very  many  factors  here 

which  wif  do  nrrf  understand ;  but  we  ore  in  po^te^sion  of  some  facts  which 

help  to  throw  light  on  the  subject.     Thus,  drugs  having  the  same  elementary 

Cufnfiosilinn  do  rK>t  always  have  the  same  c<in»tilution  ;   1'.  r.,  they  an-  isomeric. 

.  I^Mneric  ownvinndR  differ  among  themselves,  not  only  in  their  chemic,  but 

■  tfo  in  their  phyinologic.  action.    Thus,  for  instance,  the  compouada  of  cailMus 

LTuJ  nitrogen  with  n^nic  radicals  :  In  one  class  of  these  the  nitrogen  is  iriva- 

llmt.  in  the  utiirr  fpiinquevalenl,  giving  ref4>ectively  : 

Jjui  =  R — C  ™  N  :  Xilriles,  comparatively  inactive, 
^^v    -=  R — N  =  C:  Iso-nitriles,  very  pcMsonous. 

In  homologotti  oeHes  the  action  of  the  drugs  is  found  to  change  In  a  regular 
'nuuioer,  jaM.  as  other  functions;  for  Instance,  with  polyatomic  altroboISi  the 
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nennvnhilily  of  red  corpu-icles  varies  inversely  ns  ihe  number  of  OH  groii|)t.J 
So  thiil  the  cheniic  coii>titutiuii  will,  at  tiuies,  enabk-  ua  U>  exjjbuu  an  avtiun  arl 
tc  fotetcll  the  prubablc  ejects. 

In  a  ipw  casifs  we  are  beginning  to  sec  the  reaikiit«  for  Oie  RCtion  ■  t.  g.,  in 
tb(^  cose  of  pcnclmlion  we  tind  a  pitninel  behavior  with  oott-liviiig  KubsUnccK. 
Agniii,  the  aclioii  of  aktihiil  am  iMf  f.'K{il<iiTied  <m  n  phystcnl  bnsiit  («olulion  o(\ 
the  fally  r<>iisiiiuen(«  of  (he  cell].  Thp  cnihanic  action  of  neutral  salts  j*  diM 
lo  their  drawing  waicr  into  the  inicstine'S  by  purely  pliy»ical  pcucessrsL  Mbjit 
p4>Lwns,  e^iK'dally  HCN,  ]mt(hire  chain;e>  in  every  wTty  like  those  of  asphyxia. 
Tbcy  art,  therefore,  by  iiiierfering  with  the  pnuer  <vf  asvimiliiiinjt  oxygen. 

On  the  other  hnnd,  ihe  various  tiKvueh  n-»rl  difTerenily  to  dinerrnt  drugs 
ftvcn  wilh  rt-fratrl  In  such  a  ci>in[Hir3lively  simple  proce^^  ns  penetrntion. 
FcrrDcyanifl,  ferricyaiikl,  and  oxalate  of  (iiiiinonin,  r.  x'-,  pcnetrnle  red  blood* 
corpiL^clcs  quite  readily,  whcrcaii  ihcy  are  ni>I  absorlM-d  from  the  inleMiiie. 
S^ilpholeN  arc  not  alisiirl'K'd  fnwn  the  iiileslinr,  but  they  ]Uns  with  pmt  cn<ie 
(hrcTiigh  (he  kidneys.  I'er  contm.  olkaliDc  chlorids  ore  readily  absorbed  from 
the  iiUestine,  but  do  not  penetrate  the  corpiucles. 

It  is  app«-ii-ent  that  the  clicmic  constitution  plays  a  great 
part.  Wl)ilc  this  cannot  be  carried  out  in  detail,  still  in 
a  great  many  cases  tlic  chemic  constitution  determines 
the  pharmacologic  actions.  Kxamples  of  this  will  be 
mentioned  in  connection  with  the  dificrcnt  groups  (hydro- 
carbons, narcotics,  nitriles.  etc.). 

On  the  ittlter  Iiand.  idcnticd  actions  may  be  obtiincd 
from  substmccs  having  a  totally  difierent  chcniic  character. 
Such  resemblances  are  seen  in  cholera  and  arsenic,  strj'chnin 
and  tetanus,  barium  and  digitalis,  apomorpbin  and  copper ; 
and  instances  of  thU  kind  might  b<:  n^ultiplicd  almost  in- 
definitely. 

The  effect  of  drugs  upon  the  tissues  consists  entirely  in 
heightening  or  lowering  their  nomial  functions.  The  former 
is  called  sft'itm/aiU'ii  ;  tlie  latter,  diprtssion.  (Irritation  is  a 
term  used  for  stimulation  accompanied  by  inflammatory 
change.)  No  new  function  can  be  created  by  any  sub- 
stance. 

It  results,  fmm  this,  that  the  passible  efTecu  of  the  drug  are  comparatively  I 
limited.  The  cni]i]>licated  picture  which  we  somrlimcit  kc  is  due  to  ibe^ 
number  of  different  syitcnis  nffeftcd.  l't»oii  tlie  vrhole,  tlie  phennmena  art 
llKMe  of  death.  In  <lying  tissue,  also,  we  have  lirsl  nn  increase  and  then  a 
dinut)ution,  and  5nnlly  an  abolition,  of  their  noniiAl  function.  In  fact,  many 
drugs — t.g.,  Ilt'N,  ntrupiii,  and  toxic  gase* — pnxluce  phenomrnn  exaclly 
reMmbliTig  those  produced  hy  heat  or  nitphyxin.  A»  u  rule,  in  Ihe  itction  of 
ilrag5  we  also  have  finil  a  Kiimiil.ilion  and  then  a  deprc!i»ioii.  but  there  are  ex- 
ceptions to  this  rule.  The  ^ttmnlntinn  may  not  be  followed  by  n  marked  de- 
preuion,  or  the  latter  ninv  wX  \k  pre<:edeil  by  any  Mimulation.  or.  again,  the 
depression  may  precede  the  stimulation  ;   hut  thc.-ic  arc  exccplioiis. 

The  symptom*  are,  of  fourw,  most  simple  and  most  readily  nnalvEed  in 
liasnes  in  which  a  single  function  predominate*.  The  nubjecl  is.  hnwcvei,  quite 
complex  in  such  li!<.surs  n^  musrlex  and  nerves  in  which  any  one  of  u  num))eT 
of  functions — excilability,  condiiclivity.  etc. — may  be  mo*lified  ;  and,  intlrrd, 
much  work  remains  still  to  be  done  along  ihis  line.    It  is  also  comphcated  by  the 
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TacI  tllfti  a  {{uvn  phrnomenun  may  l«  llic  rc»ull  of  any  oiie  uf  a  number  of 
CBiift<^«.  Tlius,  ^(^^p|^«^^c  o(  the  hran  iiiBy  result  hum  Mimulfttinn  or  pamlysis 
of  a  dox«ti  difTrrrni  iiiechnni^uifc.  Here  It  IS  accessary  to  have  recourse  to  the 
<inlituiry  physiologic  mrthod». 

4.  Methods  of  Pharmacologic  Research. — As  in  the 
study  of  the  complex  plicnomena  ot"  lite  wu  can  arrive  at 
an  understanding  of  the  role  of  each  part  only  by  isolating 
it  as  completely  as  possible,  so  we  must  do  in  pharma- 
cology. 

In  a  pharmacologic  research  wc  must  study,  first,  the 
reactions  of  the  pliarmacologic  reagent  with  the  isolated 
chcmic  constituents  of  the  body  (proteids,  ferments,  etc.). 
We  must  then  study  their  action  on  lower  organisms — c.  jf., 
bacteria,  amebic,  otlier  protozoa,  etc.  ;  next,  on  isolated 
living  structures,  such  as  muscle  and  nerve,  and  isolated 
organs.  We  must  then  produce  aitificial  alterations  by 
various  physiologic  conditions,  such  as  the  division  of  the 
\-agi  in  studying  the  action  upon  the  heart  muscle.  Where  a 
structure  is  inaccessible,  we  must  often  be  content  with  ex- 
perimenting upon  analogous  structures;  f.  ^.,  the  effect  of 
drugs  upon  the  sm<JOtli  muscles  of  the  eye  is  often  deduced 
from  its  action  on  the  smooth  nuisclc  of  the  stomach.  This 
is,  of  course,  an  indication  rather  than  a  proof. 

In  espcnownlingiipon  ih*  whole  animal,  it  is  extremely  imporlanl  toobscnrfl 
all  the  jihcnomeiia,  nnc«  only  in  ihis  wny  i.^  ji  possible  to  assign  the  proper 
place  Id  each.  '\\\c  j-ymjHomi  uf  Uru^ii  are  oiM-tially  apt  to  Imt  variable  when 
tbey  affect  differeiil  ar(fft»  :  thus,  if  lltev  have  t>ulh  perijiheral  and  c<'ntral  aclioo, 
or  if  lliey  affect  a  pan  of  the  central  nervous  system  where  a  number  ofccnlen 
are  Mluatcd ;  in  the  Inlter  ca.<«  the  stiniulatiini  it,  apt  to  bpread. 

Ill  rxtierimrntin^  wiih  n  wfx  <itil»siaticf,  tlir  mt.-lhiNl  should  always  be  to 
advance  fTiwi  the  lower  iii  ihe  high«-r.  from  the  more  Mni(»te  to  \\w  mare  com- 
plex, nrganinn*.  From  ihe  prutoxtia  we  xhuiild  advance  tu  the  frog  and  other 
rtjii\  blooded  animaN;  then  Itirds  herhivora.  camivora.  nmnivum.  the  experi- 
menter biinsclf.  nnd  other  henltby  individuals:  and  rwM  until  this  "(eries  baa 
been  cx]aip1eie<i  «hnuld  we  tr>'  Ihe  drug  on  intirnt^.  In  ceilatn  cabr»  it  may, 
flf  ooone.  he  i^uilr  proper  10  oniit  many  of  these  stngrs.  hiil  thr  practice  of 
irytni;  new  dnif;<^  at  mice  on  imiients  cannot  be  too  much  disoouraijed.  In 
every  ca*e  thr  phyvkiaii.  to  gather  reliable  thrni|)eutic  iiiforiimlion,  niu>l  (^ 
ah^ful  (hr  employment  of  nK^iciiic^  lu  the  sci**niist  goes  nhoui  an  experiment. 
lie  mn-A  make  the  cniidilirins  the  snnpIeM.  the  obfwrvations  the  most  exact 
puAMhle. 

5.  Local  and  Remote  Action. — The  difference  which  wc  have  noticed 
in  ihr  prnelrabilily  <>f  btixMl-mrptisclcs.  etc.,  allows  us  In  underhand  that 
drug)  have  a  selective  action  on  certain  li»ues. 

Caustic  poisons,  with  violent  chemic  action,  act  ahnost 
I  equally  on  all  the  tissues.  They  may,  therefore,  have  a 
\iofaJ  fiction.  Some  poisons  do  not  act  when  applied  to  the 
■  skin,  since  they  do  not  destroy  it  and  cannot  penetrate  it. 
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but  if  brought  into  direct  contact  they  will  kill  any  tissue. 
These  arc  csWcd  />roCophismU  poisons. 

A  vcr>'  lari^c  class  of  pciijoiis.  liowevcr, — namcl)*,  those 
which  have  a  molecular  action, — affect  most  strongly,  or 
even  exclusi\ely^  certain  particular  structures  {^wuscU- 
ncrvt  poisons). 

This  aekttii'c  action  depends,  probably,  on  cberaic  or  rtiiictionaJ  difference* 
in  lbo*e  tissues ;  e.  g.,  the  drugs  of  the  alcohol  B""iPt  "(-"''t^^  ""  l^^^V  *!">  t*y 
dtftsi>lvin(j  the  fnlty  poniuii*  of  the  cells  will  act  most  strongly  upon  ihose 
cells  in  which  fat  has  a  large  funciioiial  Inipurtance. 

The  difFcrent  action  of  drugs  makes  it  netcsiary  lo  dt^inKulsh  *<»er»l 
c1uiK5  of  sytnploQUf  and  it  'v.  well  to  have  the  tcnn>  anploycd  for  ibex  de- 
fined M  »Iuq>ly  as  poMiible, 

We  speak  of  a  n'fftow  tiction  when  the  symptoms  arise 
from  structurirs  not  situated  ;it  the  ]M>int  of  ap])lic;ition  ;  ii>c(il 
action,  when  the  symptoms  are  produced  at  the  point  of 
appUcation.  dncnU  action  denotes  the  effect  produced  on 
the  body  at  large  directly  or  indirectly.  Systanic  action  is 
tile  effect  produced  by  the  drug  after  its  absorption.  InnnC' 
diatc  effects  arc  those  which  occur  at  once.  lAite  effects  are 
those  which  occur  after  a  time.  Direct  effects  arc  those 
changes  of  functions  which  the  drug  produces  directly. 
Indirect  effects  include  the  symptoms  which  arise,  not  as  tlic 
direct  effect  of  the  drug,  but  as  a  secondary  result  of  ti»e 
direct  effect ; 

e.g.,  if  the  dntg  pnrvJyxes  the  henrt,  this  would  he  a  direct  effect.  Jf  the 
blood  iHe<4»ure  fiilU  u  a  consequence  of  this  i-Ardiac  paralysis,  this  would  be 
>n  Jrdirecl  effect. 

6.  Value  of  Pharmacology. — This  different  suscepti- 
bilit}'  of  the  tissues  inidei  lies,  t«"»  a  great  extent,  the  differ- 
ence in  the  susceptibilit)'  of  different  genera,  species,  and 
individuals.  Although  similarity  e\^  action  of  the  same 
substance  on  different  animals  is  the  rule,  exceptions  are 
sufficiently  frequent  to  justify  the  question  often  asked, 
namely,  "  To  what  extent  can  ive  transfer  the  resittts  of 
animeti  experiments  to  inanf"  The  answer  is  much  the 
same  as  in  Physiology'. 

'llie  prtjiKrtjes  uf  piutoploistti  axe  identical  whether  we  find  ihcm  in  ihe 
luwiy  amcha  or  in  the  highly  !t[)eciali2r«l  celU  of  the  duj;  or  of  man.  Siini- 
larly.  the  wimc  or^an  has  nlmont  idemical  functions  in  related  clais^i  of  ani- 
mals. The  doK'&  akelelat  muscles  do  not  differ  essentially  fruco  the  huitHui  in 
ihcir  [itiysiohf^k  aclious. 


In  general,  and  we  know  of  no  exception  to  this  rule,  the 
satH€  physiology  tncans  the  same  phcirmeicoiogy.    Physiologic 


VALUE   OF   PHARMACOLOGY. 


133 


differences  will,  however,  produce  changes  in  the  pharma- 
cologic effects. 

An  enHRMfnitton  or  some  of  Ihrse  dtfTercncea  may  be  mterestti^ :  The 
rodeiiu  »n  iiicnpiible  of  vomiting,  mxj  arc.  (hrrefore,  iniiuune  10  eMtHtt. 
Atrofim  produces  a  quiukt-niug  of  tlie  heart  in  tlog-,  but  scarcely  any  In  rab- 
bilv,  fi'ir  m  thrs^  animiiU  ih^  va{ru!>  i»  not  active.  Alrt^iin  dot-K  not  dilute  the 
hirri  \  |iiipil,  wberens  il  dilnles  the  pupil  of  nenrly  all  oihei  animuls.  Tbis  is 
RCinuritril  fiif  by  tbc  fact  that  the  bird'«  iris  is  composed  of  !4lri[)cd  iiiu:icle.  A 
snail  will  ^tarid  *  dnse  <\{ ifr\,kHin  which  would  kill  a  mnn,  the  reason  Ixfii^g 
tluu  Mr\-rhnin  killt  by'  \\s  rffpit  on  ihe  ceniral  nen'ous  lyslem,  aod.  therefore, 
its  Rimt  |>rcrtiounccd  action  \s  on  lh;>i>e  aiiitiml^  who<;e  ceiilial  nervous  sy&lem 
M  mao.  highly  developed.  Similarly  wrih  mi'rpkin  A  rabbit  would  not  be 
killed  by  an  amount  of  morphin  which  would  be  fatal  to  n  man  lifiy  limes  its 
weight,  etc.  Chickens  are  aImo«l  imnmite  tu  oxalates  if  given  by  the  mouth* 
because  ibry  are  rrnilcred  insoluble  by  the  calcium  present  in  the  iliincnlary 
auwl  of  these  binJ». 

Tlicie  aic,  however,  a  number  uf  difTeitnco  which  we  can  not  mi  easily 
aoalyie;  t.  g.,  frag^  are  very  *cii*iti*o  lo  dnig*  of  the  Ji^tn/tj  (jroup.  while 
UMibare  scarcely  aflecleil.  I  But  tbi»  may  be  telnted  to  bubicuiition,  »iuce  Uie 
»kii]  iif  (he  load  wcietrs  normally  a  digitalii^  \vi\»on. )  One  s|iecieft  of  (Ki\g,,  Kana 
exiileala,  i»  ihniwn  into  iclanus  by  e.iff^tn,  while  Rana  trmporaria  i"*  thrown 
into  rigor  PodnuHm  •.hhratt  cnux^  the  fonnation  of  nietliemojirlubiii  in  a 
nuntlicr  of  aniiuuU,  but  not  in  the  rubbit.  Rabbits,  goal-s.  guinea*,  and  mla 
are  very  rr^stant  to  atri*piH.  The  hedgcbog  is  immune  to  Miakc  venom  and 
al«i  vrry  re^i^tanl  ajf-iin^t  other  ffoisons  So.  also,  rat5  ore  very  much  more 
reM.slMiil  ibaii  guinea-pigs.  The  fliffcrent  su-scepubility  of  various  aninuiU  to 
bacteria  and  Ihcir  pouoiu  is  well  known. 

The  answer  to  our  question  :  "  In  how  far  is  one  justified 
in  transfeiTinj^  tu  man  results  otitaincd  on  animals  ?"  depends 
Ufxni  tlieir  physiologic  relation.  While  the  hitter  even  is 
not  always  too  well  known,  still  experience  has  taught  us 
where  it  is  safe  to  draw  conclusions,  hut  it  enjoins  upon 
us  to  be  cautious  in  the  interpretation  and  generalization  of 
our  results. 

The  failure  to  bear  in  mind  tJie  difTsrencc  in  physicJogy  of  difSfreot  aoimalii 
cvplaina  very  ofieii  the  apparently  contradictory  data  obtained  in  experiment!! 
by  thoae  u.>ing  diHcrrnl  oniniala. 

1(  it  well  to  bear  in  mind  tlial  llie  greater  di^erence  between  man  and  the 
lover  animals  consists  in  the  greater  development  of  the  central  nervous  sys- 
tem, and  es]iecially  in  llie  psychic  arcaa.  The  results  obtained  from  animaU 
are  here  of  very  little  value, 

Tlic  value  of  pharmacology  lies  !n  pointing  out  the  mode 
of  action  of  substances,  especially  in  toxic  doses. 

Valuable  as  this  indicniion  is,  it  must  be  rcg«rd«l  as  the  first  Mcp  only  in 
the  employmant  of  the  •■u)Mtar>ce  in  disease.  Its  iherapeiilic  value,  its  manner 
ti  acttun,  acMJ  the  rxnci  indication  ior  it!«  □<.r,  must  b<r  determined  by  actual 
trial  acrufibng  to  ihr  ordinary  methods  of  clinical  investi^nlion  Among  these 
the  slalifttical  method,  which  is  of  comparatively  recent  inlrvduction  into  med> 
ictnr,  h<ibl4  lir^l  )tJace,  Rut  nrcesvry  n«  i*  lhi«  clinical  lest,  it  \s  rmposvble, 
f(if  want  of  matertal.  to  uv  il  upon  all  new  remedies  which  are  cnnstanily 
bring  iouoduced.     We  have  but  to  out  a  glance  upon  the  numerons  com- 
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pourt<ts  which  have  been  ofTered  in  recent  ycnrs  m  ciiintive!>  of  luberculcsis.  or 
lor  ihf  rtrduirlion  of  fever,  In  hccnme  cnnvinrrd  time  i[  woiihl  ite  al>MilutrI]r 
impuuible  w  subjett  tliein  all  lo  thamngh  clinical  lests  It  is  hcrp  ibm  ph»r- 
niKColc^  must  »tep  in  and  decide  which  of  these  drugs  will  re[>ar  t'uither 
invesiigaiiiin.  Wiihnut  it,  the  physkiaii.  would  be  ubli^eil  lo  gnijit^  in  the 
dnrk.  fiul  it«  usefulnn-i  i<i  at  least  as  great  with  the  f>Ider  and  better  known 
remedies.  It  is  not  so  long  ago  since  these  were  employed  on  n  purely  cmpirk 
basis.  In  using  them,  tbc  physician  was  guided  by  purely  su|>crticial  resem- 
blances, or  nt  inu^t  by  purely  >j>ectilattve  hyjK>ihe».cs ;  but  it  i»  only  when  he 
thoroughly  undcrslandii  the  action  of  the  substiince  which  be  cmployit.  as  well 
as  the  conditiuci  existing  in  the  patient,  that  he  can  futctell  the  result  with  any 
degree  o(  safely.  The  Miiin-what  bilier  feeling  which  exiHied  at  one  lime 
between  the  clinician  and  phitnimculogi^t,  and  which  now  bas  happily  disap- 
{>carcd,  was  due  lu  llicruisundcrNtaiidiiig  uf  the  rAles  of  the  two  branches.  Tlic 
objections  urged  againiil  clinical  data  by  the  phann.icoIogist  arc  the  same  as 
those  urged  by  one  clinician  against  the  other.  Tlie  ground  which  the  cx[>cri- 
mcntal  plianuocoUtgist  is  justified  in  taking  rs,  that  incidcolal  ohscrvalkm  is 
not  as  conclusive  a;*  experimentation  in  which  the  conditions  can  be  adjusted 
to  suit  the  experimenter ;  that  tlie  amount  of  clinical  evidence  necci^sary  for 
conviction  is  greater  when  it  goes  against,  than  when  it  agrees  with,  experi- 
ments ;  that  the  only  clinical  method  which  dcriKinstralcs  facts  is  ihe  staL'sticol. 
The  error  of  drawing  conclusions  from  the  hasty  observaiion*  of  a  few  coses 
has  been  only  too  well  illustrated  in  the  host  of  new  remedies  which  have 
for  a  sboTl  titne  enjoyed  popular  fnvoi,  only  to  )>e  discarded-  And  Ihe  fact 
that  even  very  wide  obscrraliouB,  when  not  jiiined  with  rigorous  scientific 
metluxb,  are  apt  to  lead  to  false  conclusions,  is  sltown  in  the  rise  and  fall  of 
veneseclton. 

On  the  other  hand,  the  pharmacologic  must  he  cnnlious  in  drawing  infer- 
ences from  negative  results;  for  wilh  tbcv;  he  only  proves  that  lie  has  not 
oblaincd  the  claimed  results,  which  throws  doubt  upon  ihem,  but  does  no* 
disprove  them  tie  is,  of  course,  absolutely  wrong  when  he  insists  that  results 
obtained  upon  a  'log  fnusr  lie  applie^l  to  aian. 

7.  Individual  Susceptibility  and  Immunity;  Habitua- 
tion and  Cumulative  Action. —  Ihe  differences  in  tiinercnt 
genera  and  species,  ulthout;ti  we  cannot  in  all  cases  explain 
them  in  detail,  will  hardly  smprise  iis.  but  there  arc  also 
differences  in  individuals  of  the  same  species  which  appear 
more  mysteiious.  Tliese  probably  depend  upon  various 
causes,  only  some  of  wJiich  are  known  to  us,  and  tlie  im- 
portance of  which  we  are  just  beginning  to  appreciate. 

In  a  large  series  of  experiment  with  toxic  daces  of  drugs  on  aninuts  llie 
author  has  found  that  there  i.s  a  fair  degree  of  uniformity  In  the  prDportkm  of 
animals  which  died  with  a  given  dn^.  Thus,  rrtlnin  limits  ran  he  Crvind 
inside  of  which,  out  of  ti\*e  animals  three  will  always  die.  These  limits  vary 
frorao-sf  i.strychniiii  to  35*^  (ergoll,  Iml  are  usually  comprised  within  from 
5jf  to  lo'?. 

On  the  o<her  hand,  the  susceptibility  of  any  one  soimal  i«  sohject  to  greater 
possible  variations;  /.  ^..  with  a  given  prepanitinn  nf  digiinlii.  0.6  mg.  per 
gnun  will  always  kill  three  guinea-pigs  nul  nf  tive  But  in  a  large  aeries  of 
t^spenments,  a  number  of  animals  will  be  found  which  will  die  of  doses  as 
smalt  OS  0.4  ng  ,  white  others  will  die  only  when  o.Q  mg.  is  reached.  ^Miethrr 
th'-se  comparatively  immune  animals  always  enjny  this  imntunily,  or  whether  ihr 
condittoD  is  only  icraporary.  as  well  a.s  the  influence  of  age,  sex.  etc.,  lias  ooi 
beea  determined. 
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Tbcie  iodividnnl  differences  ore  atill  iimrc  striltiiig  ir,  imlead  of  observing 
ihe  toxic  doKS, — I.  /.,  the  sum  lutnl  of  the  ctlccls, — wc  direct  our  attention 
1  mmc  one  pkiiiinilar  itclion,  f.  g.^  the  amoiiTit  of  blowing  of  the  hcArt  or 
!  vnh«lion  of  blood  prct^ure.  The  dilTereutes  in  1I115  respect  are  so  ^gtfLtX 
^niltliiuvcly  that  it  is  unduulncdty  unsafe  to  draw  cui)clu>ion&  front  a  single 
experiment,  and  it  it>  absolutely  impossible  Ja  these  cases  to  eatabltsh  any 
quantitaiiire  staodaid. 

Such  idiosyncrasies  have  been  vcr>' often  observed  in  man 
with  almost  all  drugs  which  are  commonly  used.  They  con- 
sist of  extraordinary  susccptibilit)''  or  tolerance  or  entirely 
atypical  actions.  The  latter  are  a  subject  about  which 
almost  nothing  is  known.  As  to  conditions  influencing 
the  former,  we  have  now  considerable  iitformation,  although 
perhaps  even  more  is  still  obscure. 

Factors  /njlitrtuing  tlu  Suscfptihility. — Of  the  greatest  im- 
portance amon^;  these  is  the  fate  of  the  {xiisonsin  the  body. 
Poisons  actinjj  verj'  violently  or  for  a  lonj;  time  may  pro- 
duce such  profound  changes  in  the  cells  that  the  latter  will 
Dcver  resume  their  normal  function,  and  cither  die  outright 
or  continue  in  a  pathologic  condition. 

la  a  few  cases  (digitidis,  tetanus,  ele.^  the  ottiun  mar  continue  aflcr  the 
mmnrni  of  Ihe  ^KiiMin.  Il  w  \v.A  kimwn  «heltii-r  the  puixui  t^  in  ihi^  case 
filed  in  ibe  cclU,  or  whether  we  ore  dealing  only  with  a  persistence  of  the 
diangr. 

For  the  most  part,  however,  cells  recover  their  normal 
function,  and  the  dcletcricfus  influence  of  the  poison  disap- 
pears with  the  poison  itself.  Were  it  not  for  this  fact,  the 
administration  of  all  drugs  would  be  impossible.  The  dis- 
apiiearancc  of  the  poison  is  effected  either  by  elimination 
tJiTough  any  excrctinj;  channel  of  the  body,  as  with  all  in- 
organic poisons ;  or  through  its  destruction  in  the  body  with 
formation  of  harmless  decomposition  products.  The  quick- 
ness of  the  former  will  depend  up<in  the  efficiency  of  the 
excreting  organs;  the  latter — destruction — dcixrnds  upon 
the  activity  of  the  particular  kind  of  metabolism  effecting 
this  change. 

\T.r-iii.  t,  f-.,  fk  fnr  \t*i  |M7iwnous  in  suiKUtane^nis  injectjuiis  than  when 
in'r  iy  into  ihr  hliiod.  bccniiHc  il  cnmbincs  with  tissue  elrracnt*.  nnd, 

l)i' '  MiiKh  miinr  tluwiy  absi>rl*eil.     Slrychtiin  it  alM»  |>ait)y  oxidi<cd  in 

ihr  t»oil>,  a^  has  already  been  staled.  The  strychnin  syniplom.'i  are  very  inucb 
)eMCT>ed  if  the  animal  is  placed  in  an  almoj^pbrre  of  nxygrn,  and  llii<t  it  shores 
with  cettain  mher  teianizing  poi4t>n<i.  Il  i«  alw  staled  (bat  if  the  fatal  dose  U 
injrcKd  itilo  ilie  leg  of  the  animal,  but  prevented  from  reaching  the  circulation 
of  the  animal  for  an  hour,  it  has  al><>o1ulrly  no  rffrct. 

A^am,  the  actinn  of  many  pois.,ns  isdcsln-ycd  when  the  pfi»*on  is  taken  by 
ibe  ti'iraach,  because  the  activity  is  destroyed  by  the  gastrtc  juice,  or  by  for- 
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menu  in  genenl.  Here  belong  pirti'cularly  the  %'iirious  inxins.  AnoChcr  organ 
which  iii  especially  active  in  ibe  (I»rKtniclion  of  poisons  is  (he  liver.  It  owes 
its  elTccls  perhnp)  pnnly  to  the  formation  uf  inM^lublt  cumpoucds  with  bile 
acid».  Pr)JM>iift  which  nxe  c^iwcinlly  wcAkcnrd  l>y  paH&ing  ihrutigh  ihe  liver 
(>.  ^.,  which  have  miicli  stronger  effetrts  if  irjeclcd  through  the  juf^ular  vein 
than  through  (hr  mrsf  iitcric)  br:  :  curxra,  strychnin,  venilrin,  ijuinin,  alrupin, 
liyoM-yamiu.  ami  moqihiii.  Not  all  pot>on»  arc  affected  in  thi>  way;  ^.  g., 
arKcnic.  It  mny  b«  remailcec)  ihat  this  work  u|K>n  the  protective  fuiKlioD  of 
the  liver  is  old,  and  is  much  in  need  o{  repclitiun  and  rcviMun. 

Caffcin  is  more  toxic  in  atiJmnU  destitute  of  ihyrujd«.  This  perhaps,  may 
be  Bccnunled  fnr  in  the  lowering  of  ihe  oxidizing;  procesA  produced  in  ihi^ 
fnsnner.  ll  would  he  extremely  intereMing  to  extend  ihese  obMrrvatiun^  to 
other  drufjH,  pnrlicularly  ftirychtiin,  and  to  animaU  in  which  the  oxidizing 
powers  arc  lowered  by  oiher  processes,  particularly  caslnilinn.  Ix>w  Miscepli- 
bility  by  destruction  of  poisons  is  also  very  beniitifully  illurtmletl  in  the  ea*e 
of  tnorpbin  :  in  octilc  morphin-poisoning  Moiieihing  like  60%  of  the  poison  is 
excreted  unchanged;  whereas  in  rhranic  mnrpTiin-pni&onmg,  very  mmh 
larger  doses  disappear  cnmplctely.  Aa  another  instance  of  the  imp<-'rtnrK;e  of 
the  change  in  the  body  may  be  mentiutietl  hydrocyanic  acid.  With  !ICN,  sub- 
toxic  di>!-es,  rr[)entr(i  al  Inl^■r^■alft  longer  than  nertvtaiy  to  destroy  all  the 
poiMin,  will  eveniunlly  kill  the  aninutl.  Wc  arc  evidently  dealing  with  the 
exhaustion  uf  the  de&tmying  nicchanitdu. 

In  atJdition  to  the  tlcstructioii  uf  tlic  i)uison,  Uicru  may 
be  a  chcmic  neutralization,  with  tlie  fvjrmation  of  innocuous 
compounds  ;  such,  a  ^.,  is  the  action  of  antitoxins. 

Carbolic  acid  is  bound  in  this  mannci  by  sulphates.  SyMemic  poisoning 
by  acids  ia  prevented  in  moat  atiimaU  by  clicir  cumbioalion  witb  the  alkalies  of 
the  body. 

Absorption. — The  cflect  of  a  drug  upon  animals  will  de- 
pend vt;r>'  largely  upon  the  relation  of  its  disappearance 
to  its  absorption.  The  latter  is  again  determined  by  a  num- 
ber of  factors. 

The  Nature  of  tht'  Drug. — Volatile  poisons,  as  a  rule,  are 
absorbed  very  readily.  IICN  will  produce  its  symptoms  in 
a  few  seconds  ;  whereas  certain  metals — c.  g.,  lead — will 
take  many  months  to  show  their  characteristic  action. 

A  striking  invtance  <»f  the  imiKiriance  of  absorption  U[ion  the  eflects  of 
drugs  is  furnished  by  arsenic  nnd  antimony.  Clinically.  [)oi>ioning  by  these 
presents  on  entirely  different  picture  and  has  very  little  in  common.  Wlicn 
injected  into  the  circulation,  however,  ihey  jihow  veni-  .similar  actions.  The 
difference  is  due  10  the  fact  ihnt  nrseoic  is  absorbed  very  readily  and  aotimonj 
with  great  dillicully. 

Conditions  in  which  there  is  a  change  in  the  solubility 
of  the  substance  are,  of  course,  ver\'  important  factors. 
The  presence  of  food,  and  especially  of  inert,  non-absorb- 
able  matter,  such  as  j^ums,  will  greatly  retard  the  absorp- 
tion of  poisons.  This  is  the  reason  why  galenic  prepara- 
tions (tinctures  and  extracts)  sometimes  show  different 
effects  from  the  alkaloids  to  which  tlicy  owe  their  activity. 
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*  for  this  reas^m  also  that  pills  especially  are  so  slow  in 
their  action.  The  presence  of  inert  matter  (extractive)  also 
retards  the  absorption  on  subcutaneous  administration. 

fiacc  of  Introduction, — The  quickest  and  most  violent 
effects  arc  observed  on  intrai'cnous  injation.  Here  also 
the  effects  may  appear  quite  different  from  those  observed 
after  admini.stration  by  the  stomach  or  skin,  for  when  in- 
jected into  a  vein,  a  drug  will  reach  the  heart  in  a  much 
more  concentrated  form  than  would  otherwise  be  the  case. 
With  subcutaneous  injection  most  drugs  arc  absorbed  fairly 
npidly.  Strychnin,  e.  g.,  will  produce  its  effects  within  two 
or  three  minutes.  In  the  case  of  soluble  substances,  ab- 
sorption is  seldom  delayed  longer  than  ten  to  fifteen  min- 
utes. When  the  drujj  is  administered  by  the  stomach,  the 
absorption  will  be  influence*!,  first,  by  the  amount  of  food 
and  liquids  in  the  stomacli.  This  may  act.  not  onl)'  by  the 
presence  of  a  Iarj,'e  amount  of  inert  matter,  but  also  by  en- 
tering into  chcmic  combination  with  substances  introduced. 
This  is  tlie  case  es|x:cially  with  articles  *ji^  food  containing 
tannin  (tea,  cranberries).  The  acidit>'  of  the  .stomach,  the 
state  of  its  functional  activity,  and  the  drculatory  conditions 
wilt  at!  have  an  influence  upon  the  rate  of  absorption,  so 
that  this  is  quite  variable. 

Absorption  is  still  slower  and  less  complete  when  the 
drug  i-s  given  yvr  rectum.  The  rehtive  lioscs  by  subcutane- 
ous, oral,  and  rectal  administration  are  as  i  :  2 : 4. 

Drugs  may  also  be  introduced  into  t!ie  system  through 
the  lungs  by  inhalation,  as  in  the  case  of  anesthetics. 
Finally,  they  may  be  introduced  throut;h  the  skin  (mercu- 
rial ointment).  For  the  latter  purpo.se  it  is  necessary  to 
have  them  in  an  oily  solution.  Watery  solutions  are  not 
absorbed  by  the  skin,  except  the  active  ingredient  be  vola- 
tile. 

Tlie  reason  for  ihis  non-sbsorption  lies  in  the  Oicl  tliat  the  Mralunt  conieiun 
of  ihf  rpidfrmi-s  it  ativtlulely  nnn-penneahlc  lo  solutions.  Absorption  roust 
Uke  piftcc  through  llir  glindalar  stnictur»  or  ihe  skin,  and  these  are  filled  with 
fattT  nialter,  which  presents  the  peiielraLiou  uf  wati-iy  sohitiuns  but  uui,  uf 
cxmnr*  of  olber  EsU. 

It  must  be  borne  in  mind  that  the  application  of  solutions 
to  open  wounds  or  abraded  surfaces  is  practically  the  same 
afl  subcutaneous  injection,  and  absorjjtion  occurs  in  this  case 
vcr>'  readily. 

After  a  drug  is  absorbed,  its   action  is  influenced   by 


138  nmEOEKxnox  to  pHAutAcoLocr.         ch.  vil 

the  rapiditjf  ivith  wkkk  k  pemiiraies  from  the  biood  into  the 
tisstus.  for.  witli  the  exoep6on  of  a  few  poisons  which  change 
the  blood  itself,  it  is  on  the  organs  that  their  main  action  is 
exerted. 

Tbe  time  dining  •faidi  4n^  rmuun  is  dK  blood  »  ■  fob^cct  veil  wcwdij 
of  WKKt  iliTctticalkNL      We  now  ha«r  oolv  •  few  dmla  of  ihb  dhuacttr : 

Cywiic  conpannd*  diupfirai'  in  3  to  6  tninolrs. 
Anraic  compamwU  dtMppear  in  ^  lo  jo  wcmd^ 
Tettaio  dta^ipeacs  in  30  seamds. 
V'min  dtwfipeant  in  lO  minoles. 
Dipluberia  toxin  disappon  in  4  miDoteiL 
AnutojuD  diinppean  in  serenl  bouis. 

Tbeae  d<ta  rcrcr  to  jiot  laxic  doae»  adninistefed  by  intnveocNU  imeciinn. 
If  UrgPT  diMef  are  sivco,  tbcj  will,  <d  oounr,  trquirc  •  longer  lime  ior  their 
ditafipoumncr. 

It  will  be  seen  from  this  table  that,  as  far  as  is  at  pres- 
ent known,  p*)tsons  as  dissimilar  as  HCN.  As.  and  toxins 
all  disappear  from  the  body  extremely  rapidly — inside  of  six 
minutes  under  the  given  conditions. 

'Iliese  TacU  throw  doubt  iipi>n  ihe  theory  which  has  been  adrancrd  to  ex- 
plain the  beneficial  eflTed  of  Mil-solution  injection  in  toxic  cundition* ;  namely, 
thai  hy  ihe  inje<iion  of  salt  solutions  these  poiwn«  will  be  '■  wa.«hed  out"  of 
thtr  bloMl,  Ks  we  »icr.  they  really  do  not  exist  in  ihr  blood,  but  in  l)i«  ti»- 
Mes.  It  i>,  of  counte,  not  tmpoanble  to  conceive  that  the  )x>iM}nii  may  also  be 
waabcd  out  of  iIk  itftsuet  by  this  method,  hut  thi»  ha%  not  yet  been  Mifficiently 
tcated.  It  IB  probable  that  the  beneficial  eFTccts  are  due  to  tbe  «>linialiiting 
action  which  the  injection  of  ult  solntion  has  eren  on  the  normal  animal.  .\ 
lar|{C  proportion  of  the  poiMHi  probably  ^x\  frooi  the  blood  into  the  lymph, 
but  alxKit  Ihi^  we  |xi«AFfis  fJil]  Icm  information. 

Tolerance  may  exist  through  :  Greater  jjower  of  excre- 
tion thitn  .ihsorption  (curnra);  greater  destructive  power 
(m<ir|)hin);  greater  neutralizing  power  (acids  in  camivora; 
toxins);  greater  resisting  [xiwer  of  the  organism:  adults, 
as  a  rule,  arc  more  tolerant  even  by  weight  than  young 
animals.  Any  condition  which  lowers  the  general  "  re- 
sistance" of  an  animal  in  any  way.  lowers  it  also  against 
poisons;  e.g.,  guineas  may  be  made  more  susceptible  to 
atropjn  by  lowering  the  alkalinitv  of  their  tissues, 

Tolerance  may  also  exist  through  habituation.  Besides 
the  greatiT  destructive  power,  as  in  morjjhin,  or  the  develop- 
ment of  antitoxin  stilwtanccs,  as  in  bacterial  poisons,  there 
is  also  a  true  functional  habituation  ;  that  is  to  say,  an 
animal  may  acquire  the  ability  to  tolerate  poisons  without 
in  any  way  destroying  or  neutralizing  them.  The  habitu- 
ation  to  alcofitil  and  nicotin,  and  periiaps  also  to  arsenic,  are 
instances  of  tliis. 
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tl  b  «n  interesting  fact  Ihst  functional  hahiliialion,  when  acquiretl  for  s 
{WliCQlar  drag,  holds  al^t  for  olhrr  drugs  having  n  similnr  artinn,  A  habitual 
dninkard,  f./^..  is  affected  Ter>'  little  by  nnesthecics.  Whether  this  extended 
immunity  a]!W>  holds  inie  of  other  allied  drugs,  such  as  morphin  niid  cnnnabis 
indicH,  has  not  been  dptennined. 

Wlicn  tlic  tolurancc  of  an  animal  to  a  poison  is  con^ettital, 
it  is  more  frequently  called  iutmumty.  Such  an  immunity 
may  be  absolute  or  relative,  probabl)'  always  tlie  latter. 

Iiittsaces  of  \\\i%  are  (he  iiisu&ceplibility  of  the  hedgcliog  to  many  poisons,  of 
thr  rat  tn  digilntin,  of  rodent*  to  emetics  of  lierbivura  to  the  iilmpin  series 
eir^  li  is  of  roiir»e,  most  Mrikingty  illiiMrAled  in  the  rase  of  bacterial  l<ixins. 
Fur  theie.  the  immunity  resides  in  the  serum,  nnd  i>  due  to  tlie  preiKmce  of  a 
peculiar  properly  cnimecle<l  in  some  vray  wiili  the  proteids  nf  the  Henim  (globu- 
lin). Serum  is  also  protective  ogninst  *nme  other  poisons :  the  hemolytic  prop- 
cttJes  of  solanin  and  some  other  poisons  arc  abolished  by  it. 

The  opposite  of  habituation  is  cumulativf  action ;  i.  c, 
an  acquired  susceptibilitj-  by  which  a  given  dose  will  pro- 
duce greater  tftccts  than  it  tlid  originally.  This  may  be 
brought  about  in  several  wa>'s  :  by  greater  capacit)'  for 
absorption  than  excretion  (lead) :  by  inconstant  absorjjtion. 
where  successive  doses  of  the  dru^  may  lie  unabsorbed  in 
the  alimentary  canal,  to  Ix:  finally  taken  into  the  system  in 
loto  when  the  conditions  are  favonible  to  absorption.  This 
is  frequently  the  cause  of  the  cumulative  action  of  digitalis, 
and  it  explains  the  fact  that  the  greatest  individual  variability 
to  toxic  doses  exists  precisely  for  those  drugs  which  are 
absorbed  with  the  greatest  difficulty. 

Cumulative  action  may  also  arise  through  suwmation  of 
tffects.  The  effect  of  the  preceding  dose  may  not  have  dis- 
appeared when  the  succeeding  dose  is  given.  The  8\  stem 
appears  also  to  be  subject  to  what  might  be  called  an  "edu- 
cation" to  tliccfiects  of  the  drug.  This  is  seen  particularly 
in  drugs  acbng  upon  tlie  central  nervous  system.  It  is 
found,  e.g.,  that  tlie  susceptibility  to  strychnin  increases 
^%ith  its  administration,  and  it  would  .seem  that  this  is  caused 
by  the  central  ncr\'ous  s\stem  becoming  educated  to  the 
stimulating  actions  and  responding  to  them  more  readily. 

Another  cause  of  cumulative  action  is  the  lowering  of  the 

sisting  power  produced  by  the  preceding  doses,  or  by  using 
up  the  products  required  for  the  neutralization  of  the  poison. 

There  arc  still  other  eonditious  which  influence  the  effect 

the  poisons.     The  weight  of  the  animal  ;  the  dose,  as  a 

rule,  is  usually  very  nearly  proportional  to  the  weight 
(minus  the  adipose  tissue).     The  age  of  the  animal :  as  has 
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beei]  statt:d,  young  atiiinals  are  more  susceptible  than  older 

animals. 

There  tur.  drug.s  which  show  parlinitaTly  tnBTkirf!  difTrrrncrs  acrording  to 
the  age.  Chilflrrti  arc  especially  Kuwcplible  tn  moqihin,  cotnjtarB lively  in- 
su-^ccptiblc  (o  5(rjcliiun.  Very  old  pcupic  arc  gcjicrally  Ic-vs  rcM^tnnl  lliaii 
adulls.  They  beat  purj^lives  ami  einctks  r-s|>ccia]ly  Uidly,  and,  further,  it  Is 
always  nerexAary  to  bear  in  mind  the  existence  of  alHenuna  in  giving  drugs 
which  raise  the  blood  prc»ure. 

Sfjr:  This  has  not  been  investigated  very  thoroughly  in 
animals.  Women  usually  require  smaller  doses  tlian  men. 
but  it  has  not  rually  been  made  out  wliether  the  difference 
can  be  accounted  for  by  weight  or  whether  there  is  greater 
su.sce[)tibility.  In  pregnant  women,  drugs  which  cause 
hyperemia  u(  the  Libdomiiial  urgaiis — r.  g.,  cathartics — will 
tend  to  produce  abortion.  Tlie  thitc  of  Jav  and  surroufui- 
ing  amdithns:  Soporifics  will  act  much  more  promptly 
when  given  so  that  the  action  will  fall  at  the  normal  sleeping 
time.  The  action  of  diaphoretics  and  diuretics  may  be 
modiBcrd  by  external  heat  or  by  the  amount  of  liquid  taken. 
The  pn-sificf  of  other  drugs  in  the  body :  The  effect  of  a 
drug  will,  of  course,  be  greater  when  another  similarly  acting 
drug  is  present  in  the  body.  3'urthcrmore.  great  stress  was 
formerly  laid  on  what  are  called  the  synergistic  pntperties  of 
drugs.  Drugs  are  called  synergistic  if,  when  taken  together, 
they  produce  greater  efTccts  than  if  either  were  taken  alone 
even  in  corresponding  doses.  This  ciToct,  the  existence  of 
which  cannot  be  doubted,  has  rot  received  sufficient  atten- 
tion at  the  liands  of  experimenters. 

Il  is  probably  to  be  explained  by  the  theory  thai  certain  useful  ecdons  are 
nitnnied  up,  wherea.4  jndesirahle  nciiun-iare  neutral ijumI. 

Drugs,  on  the  other  hand,  which  oppose  each  other  in 
their  action  are  spoken  of  as  atitttgomsls,  their  simultaneous 
administration  constituting  therapeutic  incompatibility. 

Here  al»a  only  certain  of  the  actions  are  opposed,  whereas  olhen  are 
•uinmed.  For  in-stance,  whilst  ccrlutn  doMSi  of  airopin  lexM-'n  ibe  fatality  of 
moqihJn,  doM!  hut  very  slightly  larger  prove  mnch  more  fatal  than  either 
morphin  or  alropiii  alone,  . 

Pathologic  conditions :  These  have  a  very  large  influence 
upon  the  action  of  drugs. 

ThU  may  be  brmu.sr  the  nnrmal  structurrK  nrc  modified,  e.  g.y  digitalis, 
which  act*  ujK>n  the  canliac  muwle*.  will  have  vrr>'  much  less  effctt  if  the  car- 
diac inU5cte  has  been  re^iLaccd  by  f;itly  tissue.  Again,  the  diseased  pfuce5»es 
may  modify  ihr  absorbing  jxiwcr  oT  l!»e  organitm :  /■.  ^.,  Dntgs  given  by  the 
slomaeh,  in  ehnlrra.  will  have  vrT\'  little  effect,  because  thry  pa«  thrniigh 
the  flotnach  before  they  hove  time  for  abMirption.     Kever  is  aoothei  cotidiliun 
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wtuch  kflrcts  |he  action  of  certain  suhstancr!<  vrry  profoundly.  AntipyrrlicB 
liavc  *ery  liUte  ictiuii  up^m  the  iiomuil  Icaipcmtuie,  whereas  they  depre-ss  fever 
tcrnperatures  even  below  normal.  Again,  di^eRMrd  ptoccsMrs  may  develop 
what  a[tpcar  to  be  new  fuDctionii,  liuch  a.^  epilepsy,  and  dniu'  lite  bmmids 
ti&vc  then  quile  a  dinrrcut  sriion.  Similarly  the  utenu  is  dmcicntiy  affected 
by  drugs  when  pregnnni  than  it  is  othcrvirL>e. 

I'lx  peri  mentally  the  action  of  drugs  may  be  affected  very 
much  by  At*///  (Jt/tf  coUi.  Wc  have  a  pln-siologic  analogy 
r*»r  this  in  tlie  different  effects  nf  stimtiJating  the  vagus  in 
the  frog,  with  and  without  the  application  of  heat  As  a 
rule,  poisons  have  less  effect  at  a  lower  temperature.  Tlie 
susceptibility  to  tlie  action  of  tetanus  toxin  or  strj-chnin 
is  verj'  much  lessened  if  the  animal  is  cooled.  The  same 
hohls  true  of  chloral  and  alcoho).  Morphin  and  curare, 
on  Uie  otlier  hand,  are  less  fatal  if  the  animal  is  kept  warm. 

8.  Methods  of  Administration. —  I'hese  must  vary 
according  as  tn  whether  a  local  or  general  action  is  desired. 

IjikoI  Atiministratiott. — Drujjs  may  be  used  locally  cither 
to  protect  a  surface,  nr  for  reflex  effect,  or  as  antiseptics,  or 
as  stimulants.  I'hey  ma)'  be  applied  to  the  skin  in  various 
vehicles  :  Firstly,  in  oils  or  salves.  If  it  is  desired  to  secure 
the  absorption  of  the  remedy  or  its  deep  penetration,  vege- 
table or  animal  oil  must  be  used,  preferably  adeps  lanx 
hydrofius  (lanolin).  Oleic  acid  presents  the  advantage  that 
it  holds  certiiin  substances  in  true  solution  (metallic  o,\ids 
.ind  alkaloids).  W'here  the  local  effect  alone  is  rctjuircd, 
the  mineral  tats  (pt-trolatum  or  vaseltn)  may  be  employed. 
Tlie  remedy  may  also  be  placed  in  aqueous  solutions 
(washes),  especially  if  intended  for  an  antiseptic,  or  it  can  be 
used  in  powder  fonn.  Caustics  maj^  be  used  either  as  solids 
or  Uquids. 

L*>cal  medication  may  be  used  also  on  other  surfaces 
than  the  skin,  if  they  are  accessible ;  e.  g.,  mucous  mem- 
branes. They  are  usually  used  here  as  aqueous  solutions 
injections,  washes,  and  gargles). 

Local  application  to  skin  can  be  used  for  producing  gen- 
eral cflects,  but  it  is  only  employed  in  those  ca.ses  (mercury) 
where  the  stomach  has  to  be  avoided  and  subcutaneous 
administration  is  not  possible.  The  princijial  objection  to 
the  administration  of  drugs  by  the  surface  of  the  skin  lies 
in  the  fact  of  the  uncertain  absorption,  an  exact  dosage 
being  in  consequence  impossible. 

Orai  Atitnittistratiort. — This,  the  most  ancient  method,  is 
sdll  the  standard  one.      Its  advantage  lies  in  its  great  con- 
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venience  and  in  the  absence  of  local  irritation.     Ncvcrthc- 
Icsa,  certain  drugs  do  give  rise  to  disturbances  of  digestion. 

Ihi*  can  he  iivoided  by  gtviiig  thetii  in  «iirh  a  liirni  ihAt  ihey  will  not  be 
dtKMilved  in  iht?  ^lutuacli  [ptlj;«),  oi  by  giving;  llietn  at  a  time  when  tbe  MomaLh 
U  filleti  wild  fuud.     Aliscrplioii  is,  of  cvune,  (lftayr<l  in  these  casr^. 

Rectal  Adtiiimstration. — -The  stomach  and  small  intestine 
may  be  avoided  by  giving  the  drugs  per  rectunii,  either  in 
the  form  of  enema  or  suppositories. 

Eneniala,  wlu-ri  rrilnMhiced  for  tlip  absiiqition  of  llie  mcditinp,  <thoul(l  be 
as  small  as  possible,  but  noi  so  strong  n^  to  produce  local  irritant  effect*.  ( >ne 
ur  luu  uuncrs  i>>  U'<iially  the  pniper  <|uanlity.  TItr  ilose  per  rectum  is  double 
ihiil  by  the  itimiafh.  When  enemaln  are  ccnployeil  for  their  tnecfaaniail 
cf>'eci5.  the  amount  niuM,  of  couc:&e.  be  much  greslcr— one  or  two  pints.  These 
^uuld  be  tai»-(l  Lo  tlie  Ixxly  icm|JC!-a(urc. 

SubfUfarnous  or  HypiHiermic  Administration. — Although 
but  recently  introduced  {by  A.  W.  Woud,  1855),  tliis 
metliod  lias  rapidly  become  very  popular.  It  has  the  ad- 
vantage of  being  quicker  ant!  more  certain  in  its  effects,  and 
tlie  dosage  is  more  exact  than  can  be  secured  b)'  any  other 
method.  The  principal  objection  to  it  lies  in  the  fact  that 
while  it  is  not  very  painful  with  some  medicines,  it  is  ver\' 
mucli  so  with  an\-  irritating  substance.  Tiiere  is  also  a 
tendency  ti*  abscess  forniatio]i.  This  is  frequently  due  to 
deficient  asepsis,  but  certain  substances  (protoplasmic 
poisons)  protltice  abscess  formation  even  with  the  most 
rigorous  asepsis.  The  liypodermjc  dose  is  about  one-half 
of  the  oral  dose. 

tntrevenotis  .'tifm in tstraf ion .~  Thin  has  been  tried  in  recent  years,  but  has 
not  aime  inu>  grncral  ii>e.  VVhilc  it  Ls  the  iguickcM  way  uf  securing  the  actitm 
of  ihc  Bubstante,  the  sligh:  ofjcmtiun  required  is  xnne  abjecliuu.  There 
h  also  comtidcTablc  danger  cunneirtcd  with  it.  Air  way  be  iDtrodiiced  into  the 
vein,  and  while  the  jnesence  of  a  >tnal]  bubble  uf  air  tn  the  circulation  uf  a 
man  is  not  as  dangerous  as  in  thai  of  a  rabbit,  ii  may  lead  to  Tcry  serious  re- 
sults. Another  factor  which  we  have  already  int-ntinucd  is  that  the  action  of 
dnigs  injected  inlmvcnou^ly  may  Ixr  quite  dificrcnt  ilinn  when  taken  by  other 
channeia.  They  act  u[K>n  live  heart  more  directly  and  with  le.V)  dilution. 
Many  substance-,  also  hnve  the  property  of  cloHiiig  the  blood,  and  unless  the 
adiTitni!>lration  be  very  skilfully  done,  the  result  might  be  di!>a&trou». 

Inhalation. — This  method  is  used  only  for  gaseous  medi- 
cines like  anesthedcs  or  o.xygen. 

When  giving  drag*  by  inhalatiim.  it  must  be  borne  in  mind  that  ihe  effect 
dues  not  d(-j>end  u)hiii  ilu-  <|uiiiitily  given,  but  the  ctmccntrati'i >n  of  the  gas  and 
Uie  time  during  which  it  \s  Ddministen-d. 

CafttfiAiireni. — This  process  has  l)cen  employed  in  dentistry  to  facilitate  the 
penetration  of  cucain,  but  it  has  not  as  yet  found  very  extensive  adupltun  in 
medicine  and  suigcry.  It  is  a  punress  by  which  the  molecule»  are  carried  fnmj 
the  -  to  tlie  —  pnle.  llic  solution  to  be  introduced  muM  posseu  a  higher 
conductivity  than  the  litjuid  uf  the  tissues. 
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Continuotts  and  Daily  Dose. — It  is  often  desired  to  keep 
tlie  patient  more  or  less  permanently  under  tiie  influence 
of  the  dru^;.  The  manner  in  wliicli  this  is  to  l>c  dune  will 
depend  ufxin  tiie  nature  ot  the  drug,  and  no  general  rules 
can  be  laid  down.  It  is,  of  course,  necessary  that  the 
ori^nal  dose  must  have  been  completely  absorbed  and  de- 
stroyed or  excreted  before  it  can  be  rei>eated.  ']  liis  is  prac- 
tically attained  by  giviritj  the  medicine  "  thive  times  a  day." 
But  this  is  a  periodic  rather  than  a  continuous  medication. 
To  secure  the  latter,  a  fraction  of  the  original  dose  sliould 
be  administereti  at  more  frequent  intervals. 


(B)    HISTORY  OF  THERAPEUTICS. 

If  we  cast  a  glance  at  the  history  of  thera|K:utics.  we  arc 
met  with  some  very  sinj^jular  tacts.  Some  of  tliese  will 
serve  to  explain  errors  which  have  long  adhered  and  which 
still  adhere  to  the  subject. 

\Vc  may  imagine  one  of  our  remotest  ancestors  brought 
(ace  to  face  with  disease.  How  my.sterions  must  have 
seemed  to  him  the  phenomenon  that  tn-ilay  lie  is  strung, 
active,  and  full  of  life,  and  to-morrow,  without  any  cause 
apparent  to  him,  he  is  weak,  listless,  iiiid  al>out  to  die! 
What  strong  hold  it  must  have  taken  upon  his  untutored 
imagination!  How  earnestly  he  must  have  sought  for 
means  to  remed>-  it !  Here  he  happened  at  once  ujxjn  two 
apparently  ver\'  diflerent  mctllods:  a  spiritual  and  a  mate- 
rial. On  the  one  hand,  overpowered  by  the  mysteriousness 
of  the  process,  he  lost  himself  in  superstition.  He  deemed 
the  disease  due  to  malevolent  spirits  which  could  be  appeased 
by  pra\ers  and  incantations.  This  firmed  the  princii)al 
materia  medica  of  prehistoric  ages,  as  it  does  of  the  modem 
|vage. 

On  the  other  hand,  chance  and  the  observation  of  animals 
revealed  to  him  that  certiin  material  products  were  also 
cflfident  As  long  as  he  limited  himself  to  actual  observa- 
tion, the  results  were  usually  good.  However,  he  soon 
began  to  search  for  more  of  these  remedial  agents.  In  this 
search  we  must  remember  the  total  darkness  wliich  tlien 
existed  regarding  the  nature  of  the  action — fM>th  of  the  dis- 
ease and  remedy.  In  this  darkness  he  was  only  too  glad 
to  be  guided  by  any  ray  of  light,  without  having  the  means 
to  examine  whetlier  the  light  came  from  a  beacon  or  was 
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only  an  ignis  fatiius.  With  the  fantastic,  half  logical  incon- 
gruity so  charactt-Tistic  of  the  untutored  mind  he  assumed 
tlic  most  cxtraordinarj*  relations. 

It  is  interesting  to  obserx'e  a  little  closer  the  principles 
which  gwided  the  blind  savage  in  his  search  for  remedies. 
Having  found  that  most  active  medidiics  had  a  bitter  or 
disagreeable  taste,  he  came  to  regard  any  such  substance  aa 
beneficial.  Thus  arose  a  host  of  simples  which  are  now 
stowed  away  to  molder  in  the  attic  of  science,  and  which 
migiit  well  be  disregarded  were  it  not  that  some  zealot  occa- 
sionally di.sturbs  their  well-earned  repose  and  attempts  to 
launch  them  as  something  new. 

Nor  did  this  love  of  the  disgusting  die  out  with  the  stone 
ago.  It  was  prolonged  far  into  the  middle  ages.  To  it  we 
can  pi'obably  trace  the  employment  of  feces  and  urine,  of 
smoked  snake,  anil  of  otlicrs  still  worse. 

At  a  later  jxriod  of  the  middle  ages  it  was  tried  to  com- 
bine the  spiritual  and  the  material  treatment.  It  was 
thought  tliat  the  Deity  alone  could  cure  disease,  but  tliat 
He  liad  given  man  material  remedies,  and  in  His  wisdom 
He  had  put  a  seal  upon  them  by  which  man  might  know 
them.  Thus  arose  in  due  time  what  is  calletl  the  doctrine 
of  "signatures."  According  to  this,  the  use  of  a  ncmcdy 
was  suggested  by  a  fanciful  resemblance  in  shape  or  color 
to  some  orj^an;  e.g.,  the  liverwort,  the  lungwort,  blood- 
root,  etc.  Tliese  arc  survivals  of  this  custom.  Even  a 
name  was  sufficient.  Silver  was  used  in  lunacy  because  it 
was  dedicated  to  Luna. 

On  the  other  hand,  alcheniiste  had  ari.sen  with  their  per- 
tinacious search  for  tlie  philosopher's  stone,  which  was  to 
conveit  all  metals  into  gold,  and  cure  all  disea.ses.  In  this 
.searcli  they  gave  their  nostra  cxirnsive  trial  on  sick  and 
well.  Andmony  is  related  to  have  been  so  named  by  its 
discoverer  because  of  its  fatal  eflects  upon  his  fellow-monks. 

The  .school  of  spagirists  was  founded  by  Ka.silius  Valen- 
tinus  toward  the  end  of  the  fourteenth  century  and  reached 
its  zenith  of  power  with  Paracelsus.  They  insisted  upon 
the  mystical  virtues  of  Sb,  As.  and  Ag.  and  chemicals  in 
general,  and  stood  opposed  to  the  old  Galenists,  who  used 
only  organic  drugs.  Notwithstnnding  their  mysticism,  which 
flavors  of  quackery,  we  must  thank  them  for  the  discovery 
of  some  of  our  most  valuable  medicines. 

Thus,  a  mass  of  materials,  rubbish  and  otherwise,  was 
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added  to  the  various  simples,  etc  Having  so  well-stocked 
an  armorv",  the-  physician  of  that  day  felt  that  lie  was  not 
doing  his  duty  unless  he  gave  his  patient  the  benefit  of  it  ail. 
and  the  "shot-gun  '  prescription  flourished  at  its  best 

A  natural  reaction  a^;ainst  this  set  in,  and  had  for  one  of 
its  first  results  llic  establishment  of  homcopatli)-  by  Haiine- 
mann,  near  the  end  of  the  dij^hteenth  century.  The  Hahne- 
mann system  was  by  no  means  new.  For  the  most  part  it 
had  Its  roots  mucli  further  back.  It  was  the  natural  result 
of  the  then  existinj;  theory  of  "vitilism." 

Hahnemann  believed  that  disease  depends  upon  a  per- 
version of  tlie  purely  spiritual  vital  powers  and  is  entirely 
immaterial  in  its  nature.  Logically,  a  thing  spiritual  could 
not  be  combated  by  material  remedies,  and,  hence.  Hahne- 
mann turned  to  a  spiritual  power  which  he  believed  to  be 
bound  up  in  plants  and  liberated  by  dilution.  This  liber- 
ation of  the  principles  exactly  turned  their  action  around,  so 
that  the  action  of  his  dilutions  was,  lie  stated,  exactly  the 
opposite  of  Uiat  of  the  concentnited  drug,  and  could  be  used 
for  relief  of  such  symptoms  as  the  latter  pniduccd:  Similia 
simi/ibus  mraHtur.  This  was  tlie  first  tenet  of  Hahnemann. 
The  second  was  that  the  nature  of  the  disease  bcinR  unsciz- 
able.  it  was  not  subject  to  treatment,  but  that  only  its  symp- 
toms can  be  treated.  I  [cncc,  homeo[}athy.  in  so  far  as  it 
follows  the  principles  of  its  founder,  has  no  place  for  the 
medical  sciences,  such  as  physiology,  anatoni)',  pathology, 
or  chemistry.  Any  one  witli  an  indexed  book  of  symptoms 
and  their  remedies  would  be  able  to  practice  it  without  any 
elaborate  study  or  preparation. 

In  marked  contrast  to  the  above  is  the  third  dictum  :  that 
the  mtdicinal  treatment  must  be  supported  by  dietetic  and 
hygienic  measures. 

Hahnemann's  system  was  the  natural  outgrowth  of  his 

time.     At  present  it  is  an  anachronism,  as  his  pupils  are  the 

first  to  acknowledge  in  practice,  if  not  in  worcis.      Hut  in  his 

'  time  Hahnemann  accomplished  considerable   for   medical 

science.      He  c:a]Icd  attention  to  the  importance  of  diet.  etc.. 

when  this  was  only  too  much   neglected ;  but  perhaps  the 

[princi{X)l   u.se  of  homeopathy  has  l>ecn  to  show  to  rational 

rtiedicine  the  fiictthat  disease  tends  to  recovery  without  any 

'tnctlical  interference. 

ThU  was,  indeed,  the  next  step  which  medicine  took — 
emancipation  from  all  drugs.  This  dates  from  the 
to 
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establishment  of  the  Vienna  school  by  van  Swieten.in  1745. 
The  strongest  advocate  of  nihilism  was  Skoda  ( 1 S05— liJ8 1 ). 
the  founder  of  the  methods  of  percussion  and  auscultation. 
Such  nihilism  was  absolutely  necessary  at  tliat  time,  just  as 
periods  of  skepticism  arc  necessary  in  philosophy,  and  mark 
steps  in  progress.  The  accimnilatL-d  refuse  was  so  great  as 
to  bur>*  the  good.  The  only  way  was  to  empty*  out  the 
whole  and  begin  anew.  This  was  a  necessity  then,  but  now 
nihilism  is  as  obsolete  as  the  gun-shot  prescription.  He 
who  proclaims  it,  simply  proclaims  his  own  ignorance  and 
want  of  critical  faculty. 

The  reestablishmcnt  of  therapeutics,  founded  now  upon 
reason,  was  thus  aidc<l  b\'  the  very  man  who  had  attempted 
to  destroy  it.  i'or  he  established  physical  methods  of  diag- 
nosis, and  demonstrated  the  effects  of  disease  as  tliey  had 
never  been  demonstrated  before,  making  it  possible  also  to 
demonstrate  the  effect  of  rcmeflies. 

Then  followed  the  isolation  uf  active  principles  (led  by  the 
discovery  of  mor^jhin  in  1817).  tlius  substituting  the  definite 
for  the  indelinite  drugs.  Finally  followed  animal  experi- 
mentation, by  means  of  which  modem  pharmacology  has 
developed. 

Rational  therapeutics  is  now  on  a  firm  basis.  Hut,  at  the 
same  time,  the  mystic  has  also  been  further  developed,  not 
only  in  homeopathy,  but  also  in  the  many  forms  of  sugges- 
tion. The  value  of  suggestive  therapeutics  proper  cannot 
be  denied.  It  is  a  strictl)'  scientific  method  of  treatment, 
and  is  employed  in  its  mililcr  forms  b\'  ever)'  physician  as 
"the  personal  influence  "and  the  "faith  in  doctor  and  medi- 
cine." It  often  constitutes  all  there  is  of  merit  in  those 
medical  fads  uliich  have  accompanied  medical  science  since 
the  oldest  time. 

One  of  the  most  important  preliminaries  to  the  rational 
treatment  of  disease  is  that  the  physician  should  understand 
that  he  cannot  make  a  patient  well.  That  is  exclusively 
nature's  task.  "Nature"  inc\ntably  tends  to  bring  the  or- 
ganism back  to  its  normal  condition,  and  the  task  of  the 
physician  consists  in  directing  his  treatment  in  such  a  man- 
ner as  to  remove  obstacles  from  nature's  path.  Just  as  the 
surgeon  cannot  cause  the  union  of  a  broken  bone,  but  can 
only  put  it  in  the  most  favorable  condition  for  nature  to  per- 
form this  union, — /*.  c.  set  it. — so  the  physician  cannot  cure 
heart  disease.     He  may  cither  remove  the  condition  wliich 
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causes  it.  if  still  present,  or  remove  by  digitalis,  etc..  the  fac- 
tors which  retard  the  cure ;  but  in  any  case  he  must  rely 
upon  nature  to  perform  the  last,  the  really  important  act : 
viz..  the  |x:rmanent  return  to  normal. 

Tiiat  nature  not  only  puts  the  final  touch  upon  every 
reparative  process,  but  that  she  may  take  every  step  as 
well. — i,  e.,  that  a  patient  may  get  well  without  any  med- 
ical interference. — is  too  well  known  to  require  further  dis- 
cussion. The  ways  in  which  these  processes  of  repair  take 
place  constitute  one  of  the  departments  of  pathology  and 
medicine. 

In  the  light  of  the  above,  it  might  well  be  asked  ;  If  na- 
ture is  thus  able  to  effect  cures  ;  if  by  far  the  greater  num- 
ber of  diseases  tend  to  spontaneous  recover}',  what  is  the 
function  of  the  physician  ?  Can  he  do  anything  hut  harm 
if  he  attenjpts  to  meddle  with  the  great  processes  of  nature  ? 
If  he  undertakes  to  aid.  does  he  not  really  meddle?  \Vc 
must,  in  examining  this  question,  la}-  the  emphasis  in  the 
above  sentence  on  "  nature  Un^is  to  effect  a  spontaneous 
cure."  But  nature  is  essentially  blind  in  her  workings.  She 
works  by  general  laws,  which  rjften  do  not  take  account  of 
individual  cases.  Though  we  must  recognize  her  processes 
as  almost  always  the  best  under  the  given  conditions,  they 
nnay  be  greatlj*  at  fault  quantitatively.  Nature  may  do  too 
much  or  too  little.  It  is  now  conceded  that  fever,  pain,  in- 
rtammation.  etc.,  are  protective  mechanisms;  but  when  the 
frvcr  becomes  so  high  as  to  be  in  itself  dangerous  to  life, 
when  the  pain  is  intolerable  and  constant,  and  persists  after 
it  is  no  longer  needed,  when  inflamniatiun  spreads ;  then  it  is 
evident  that  the  originall}'  salutary  process  is  becoming  the 
revcrsf.  That  the  processes  of  nature  are  often  insufficient 
is  cvitlcnt  from  the  fact  that  it  docs  not  in  all  cases  effect  a 
cure.  Nature  may  sometimes  be  absolutely  wrong  ;  e.  ^., 
in  the  desire  for  solid  food  in  t>'ph<iid. 

It  is.  then,  the  duty  of  the  physician  to  judiciously  modify 
the  natural  tendency,  if  he  possesses  the  means  of  doing  so. 
But  he  must  do  so  wisely,  or  it  were  better  not  at  all.  He 
must  understand  the  diseased  condition;  he  must  under- 
»tand  nature's  way  of  meeting  the  difficulty;  he  must  iudge 
in  what  ways  nature  may  be  supported  ;  and.  finallv'.  he 
must  thoroughly  understand  the  means  at  his  command  for 
the  purpose — i".  c.  pharmacology.  As  long  as  he  i.s  not 
[dear  in  regard  to  these  factors,  he  is  merely  groping  in  the 
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dark,  as  likely  at  least  to  do  harm  as  good.  In  this  case 
expectant  treatment  is  alone  justifiable. 

We  see  how  from  the  above  wc  can  deduce  a  number  of 
methods  of  treatment. 

/.  Expictant  Treatment:  i.  c,  the  absence  of  any  real 
attempt  at  treatment  beyond  hygiene,  rest,  diet,  and  otlier 
similar  general  measures  ;  witli  tlie  object  of  Icavinjj  the 
powers  of  nature  free  play.  This  should  be  employed  in 
all  cases  where  no  better  treatment  is  known  ;  but,  as  has 
been  said,  it  is  usually  wittiin  the  province  and  power  of  the 
physician  to  support  nature  in  her  endeavor. 

The  ex]jectant  treatment  must  also  be  used  when  it  is 
desired  to  let  the  disease  progress  to  a  certain  paint,  if  this 
is  necessary  for  (iiagnosis.  Thus,  general  treatment  for  pri- 
mar>*  .syphilis  is  usually  expectant,  since  no  great  benefit 
would  result  from  immediate  specific  treatment,  whereas  the 
diagnosis  would  be  greatly  obscured  thereby. 

//.  Symptomatic  Tntitmcnt. — This  is  aimed  at  the  symp- 
toms of  the  disease  without  reference  to  their  cause.  Tiiis 
may  be  objectionable  in  some  cases,  indicated  in  others.  In 
striking  the  symptoms  one  very  often  also  strikes  the  dis- 
ease. Again,  the  symptoms  in  themselves  may  be  so  objec- 
tionable or  lead  to  such  secondary  results  as  to  make  their 
removal  desirable.  I'ain,  cough,  and  fever  are  all  purely 
s>'mptoms.  and  >xt  no  one  would  refuse  to  treat  them  simply 
because  unable  to  remove  the  root  of  the  disorder.  On  the 
other  hand,  the  symptoms  may  be  very  deceptive — a  chill 
will  not  require  external  heat ;  a  referred  ]>ain  will  not  be 
relieved  by  local  application  of  iodin  to  the  place  where  it 
is  felt. 

In  removing  the  symptoms  the  physician  also  deprives 
himself  of  the  only  Index  to  the  treatment  of  the  underlying 
disorder.  He  must  constantly  be  on  his  guard  against 
believing  himself  successful  when  he  has  succeeded  in 
removing  one  or  several  of  the  symptoms  of  the  disease. 
In  many  cases  the  symptom  may  itself  be  salutary  ;  in  which 
case  it  would  not  do  to  renio\e  it  {e.  g.*  cough  when  there 
is  hypersecretion  of  mucous  ;  a  certain  amount  of  pain  when 
rest  is  indicated  in  fracture). 

It  need  scarcely  be  mentioned  that  it  is  not  ethical  to  per- 
suade a  patient  that  he  is  being  cured  when  he  is  in  fact  only 
being  relieved  of  the  symptoms. 

///.   Empirical  Treatment. — This  follows  merely  the  die- 
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tates  of  experience  without  conceniing  itself  about  the 
reasons  for  these.  While  in  the  present  state  of  our  science 
it  is  still  necessary  to  employ  it  only  too  often,  it  requires 
scarcely  a  thought  to  see  how  often  it  may  be  not  only  use- 
less, but  even  injurious.  Conditions  which  resemble  each 
other  very  closely  superficially  may  really  be  diametrically 
opposite,  and  may  require  very  different  treatment. 

IV.  Rational  or  Scientific  Treatment. — While  this  makes 
use  of  the  three  preceding  methods,  it  aims  essentially  at 
the  removal  of  the  cause  of  the  disorder  and  to  favorably 
influence  its  course.  It  presupposes  a  knowledge  of  both, 
as  well  as  a  thorough  acquaintance  with  the  manner  in 
which  they  may  be  influenced  by  remedial  measures. 

While  it  relies,  on  the  one  hand,  on  the  science  of  path- 
ology, etc.,  for  the  revelation  of  the  nature  of  the  disease, 
it  requires  equally  accurate  knowledge  of  the  nature  of  the 
action  of  drugs  :   viz.,  scientific  pharmacology. 


PART  II.— SECTION  A. 

DRUGS  WHOSE  MAIN  ACTION  OCCURS  AFTER 
ABSORPTION. 

I.  Classification  of  Drugs. — The  classification  of  drugs 
can  be  done  according  to  a  number  of  principles. 

By  one  system  they  may  be  classified,  according  to  their  origin,  into  chemic, 
vegetable,  and  animal  drugs ;  the  chemic  again  into  inoi^;anic  and  organic,  and 
these  according  to  the  ordinary  chemic  groups  ;  vegetable  and  animal,  accord- 
ing to  families.  From  our  standpoint  the  objection  to  this  classiKcalion  is  that 
the  action  of  the  different  members  of  a  family  is  quite  different,  or  the  same 
acti<»  is  obtained  from  members  of  different  families.  Another  method  is  the 
tbenpeatic.  In  this  the  drugs  are  classed  according  to  their  action  ;  e.g.,  we 
have  drugs  which  slow  the  heart,  drugs  which  quicken  the  heart,  etc.  The 
principal  objection  to  this  is  that  it  is  arbitrary.  Many  drugs  possess  several 
actions,  and  according  to  this  system  they  have  to  be  classed  in  several  places, 
which  makes  a  uniform  idea  of  their  action  quite  impossible.  Again,  by  this 
method  of  classification  the  student  receives  the  idea  that  all  these  actions  are 
of  eqiul  importance,  whereas  this  is  often  not  the  case.  lastly,  it  brings 
togetfier  drugs  the  action  of  which  only  bears  a  superficial  resembiance.  Ttie 
slowing  of  the  heart,  /.  g.,  may  be  produced  in  many  different  ways.  Another 
method  is  the  clinkal,  which  ctassines  drugs  according  to  the  oi^ns  on  which 
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they  act  or  thr  diKascs  for  wtiirh  ihcy  nrc  employed.     This  is  open  to  the 
same  objecliotrs  s^  vm  ihc  Uicra(j<.'uUc  in<:Uiod. 

The  system  which  \vc  shall  employ  is  Buchheim's,*  which 
aims  to  unite  similar  drugs  into  groups  on  somewhat  the  same 
principle  as  is  used  in  the  natural  classification  of  botany. 
Neither  the  chemic  composition  nor  any  other  one  charac- 
teristic is  taken  to  determine  the  groups,  but  those  having 
niost  characters  in  common  are  placed  together,  and  one 
group  runs  into  another. 

One  advanlage  of  siich  a  system  is  that  one  nmy  begin  iis  study  nt  nlmost 
nriy  [loiril.  We  slmll  Mart  willi  alkaloids,  since  ihpiwr  illtiiilnite  pharmacokigic 
pnticiplci  in  (he  nn.ist  striking  manner. 

2.  Muscle-nerve  Poisons.— In  regard  to  their  action 
alkaloids  belong  to  a  larger  group  which  may  be  called 
muscle-nerve  poisons.  This  group  includes  particularly  all 
those  poisons  whose  main  actions  are  not  local ;  in  other 
words,  all  poisons  which  really  enter  the  body  and  cxort  a 
general  action  affect  mainly  muscle  and  nerve  tissue.  When 
the  great  specialization  of  these  tissues  is  borne  in  mind,  the 
great  complexity  of  their  functions,  their  great  susceptibil- 
ity to  disturbing  influences,  and.  consequently,  their  great 
susceptibility  to  injury,  this  specialized  action  need  not 
cause  surprise.  It  must  not  Ije  supjmsed  that  these  poisons 
aflfect  only  muscles  and  nerves.  In  most  cases  they  affect 
other  cells  as  well,  but  it  is  in  these  specialized  tissues  that 
their  effects  are  most  conspicuous. 

The  -srlcctiTe  acCinn  is  nnl,  however,  to  be  explainetl  merely  by  grrater 
functionul  BUiceptibilily.  but  is  dur  wry  largely  to  a  rhcmic  affinity  Iwtween 
the  |XN.^oii  an<l  the  prol(ipla.sm — particularly  the  ouclms — uf  tlic  ie!i]>rcliTr 
cells.  The  pnitoplajim  of  the  difTcrrnt  cIkhscs  of  cells  presents  minute  chemic 
differences  which  underlie  this  selective  oction. 

The  central  nervous  system,  the  peripheral  nerves,  the 
heart  and  vessels,  glands,  intestine,  and  skeletal  muscles,  all 
come  under  this  heading  of  muscle  and  nerve. 

Muscles  and  nerv«s  are  connected  in  •  continuous  chain,  consii^ting,  /.  p., 
of  sensory  end  cell,  afTerent  nerve,  at  least  one  ending  and  one  cell  in  the 
central  nervous  system,  eRcrenl  nerve,  motor  endings,  and  muscle  cell.  (See 
diaj^m,  Ktg.  45.)  Theoretically,  llic  poiwm  mny  act  on  any  one  of  these 
structures.  As  n  matter  of  f;LCl,  it  never  acts  on  ihe  nerve-trunk,  except  il  be 
applied  directly  ;  ihe  retiMm  for  this  bein(>  thai  the  endinfrs  ar>d  cpIU  are  mocfa 
more  sensitive  ihnn  the  fibers  ;  of  tli<rfe,  <Mf<>m,  it  ap{>ear^  that  (he  endmgs  are 
much  more  sensitive  than  the  cells.  Poisons  act  on  these  structures  by  Uicreasing 
unc  or  mure  of  thcii  normal  fuiicliuns. 

'  Buccheim  may  be  coiiiidered  as  the  founder  of  modem  pharmacology  by 
the  establiahment  uf  the  hnt  pharmacologic  labotatory,  at  Dorpat  in  1S56. 
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Inasmuch  as  poisons  typical  of  this  group  do  not  pro- 
duce any  local  effect,  they  are  characterized  by  the  absence 
of  postmortem  changes. 

3.  Alkaloids  (ptomains  and  leucomains). — Alkaloids  are 
organic  bodies,  usually  of  vegetable  origin,  of  a  basic  charac- 
ter uniting  with  acids  after  the  manner  of  ammonia  and  giv- 
ing well-defined  and  usually  crystalline  salts.  Substances 
possessing  all  the  properties  of  alkaloids,  but  formed  by 
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Fig.  45.— Diagram  of  the  central  nervous  system,  to  illustrate  possible 
points  of  attack  of  muscle-nerve  poisons.  The  broken  line  indicates  the 
afferent  mechanism  ;  the  solid  line,  the  efferent  mechanism. 

bacteria,  are  called  ptmnains.  Somewhat  similar  substances, 
but  not  possessing  all  the  alkaloid  characters,  are  formed 
during  the  normal  processes  of  the  body, — /'.  c,  without 
the  action  of  bacteria, — and  are  called  leucomains.  True 
alkaloids  are  formed  by  certain  animals  (in  the  skin  of  the 
salamander). 

Alkaloids  have  been  discovered  only  in  this  century.  The 
following  is  a  list  of  the  dates  of  the  discovery  of  tlte  prin- 
cipal alkaloids  : 
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TABLE  XI. 
Morphin 1805-1817     . 


Narcotin 
Veratrin     . 
Strychnin  . 
I^perin  .    . 
Detphinin 
Brucin 
Quinin    .    . 
CinchontD 
Solania  .    . 
Caffein    .    . 
Chelidonin 
Corydalin  . 
Berberidin 
Coniin    .    . 
Nicotin 


1817 
1818 

«( 

1819 


1820 


1825 

1826 

ti 

1827 

1829 


.  Sertueraer. 

,  Robiquet. 

.  Meissner. 

,  Pelletier  and  CaTcntoo. 

,  Oersted. 

Lassaigne,  etc. 
,  Pelletier  and  Caventou. 


,  Desforses. 

,  Runge. 

,  Godefroy. 

.  Wackenroder. 

.  Petletier  and  Pelleton. 


Atropin 1833 

The  Ckefnic  Constitution  of  Alkaloids. — This  is,  for  the 
most  part,  not  fully  understood,  but  many  alkaloids  are 
built  up  from  a  common  nucleus,  pyridin  or  quinolin. 

It  is  interesting  to  note  that  albumin  under  the  influence  of  concentrated 
HCl  yields  a  small  quantity  of  a  pyridin  base.  The  alkaloids  of  plants  are 
also  formed  presumably  by  the  decomposition  of  their  proteids,  and  are  sup- 
posed to  form  a  partial  protection  against  insects. 

The  following  constitutional  formulas  will  illustrate  the  structure  of  some 
of  the  simplest  alkaloids: 
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H, 
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"■V 


'CH,  ^  =  NlCOTIN. 


H 


The  following  table  gives  the  elementary  composition  of 
the  principal  alkaloids  (Dragendorff)  : 


TABLE  XII. 

Aconitin C,,H^NO„. 

Atropin Cj^H^NO,. 

Brucin .  C„H„N,0,. 

Quinin C^H„N,0,. 

Cinchonin C),H„NjO. 

Cocain C,,H,,NOg. 

Codein C,„H,,NO|. 

Colchicio C|.H^NOf. 

Coniin CgHisN- 

Hyoscin C„H„NO,. 

Hyoscyainin CjjH„NO,. 

Morpbin C„HijNO,. 

Ntrcotin C^H^NO,. 

Nicotin CioH„N,. 

Strychnin ^iH„N,0,. 

Vemtrin C„H«N,0„. 

It  will  be  seen  that  certain  of  these  alkaloids  contain 
oxygen  and  others  do  not.  Those  containing  oxygen  are 
solid  and  comparatively  non-volatile,  whereas  those  free 
from  oxygen  (nicotin  and  coniin)  are  liquid  and  volatile. 

All  alkaloids  have  certain  properties  in  common :  They 
have  a  bitter  taste,  turn  red  litmus  paper  blue,  have  a 
very  profound  physiologic  action,  and  leave  no  postmortem 
changes.  They  are  soluble  in  ether,  chloroform,  and  oils, 
much  less  soluble  in  alcohol,  and  comparatively  insoluble. 
in  water.  Alkaloidal  salts,  on  the  other  hand,  have  just 
the  opposite  solubility :  They  are  soluble  in  water  and 
alcohol,  insoluble  in  chloroform  and  ether.  With  the  alka- 
loidal salts,  the  combined  acid  plays  a  prominent  role  in  tlie 
solubility.     As  a  rule,  the  chlorids  are  tlie  most  soluble. 

Alkaloidal  salts  present  the  following  ckemic  reactions  in 
common  : 

I.  Nitrogen  Reaction.     (See  Chapter  XXXIII.) 

3.  Precipitates  are  obtained  with  : 

Hydrates  and  carbonates  of  alkalies  and  alkaline  earths. 
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/-I-  Kf.  All  alkaloids;  limits  of  sensibility  i  1300 
(best  acidulated  with  HjSO,). 

KI  -f  Hgl^  (Meyer's  reagent).  All  alkaloids  ;  limit  of 
sensibility  i  :  1000  (best  acidulated  with  HCI). 

Pftosphotuolyhdu:  tuid.  All  alkaloids;  limit  of  sensibility 
1  :  300;  very  delicate  (tjcst  acidulated  with  HNO,). 

I^cric  add.  Some  alkaloids;  limits  of  sensibility  1 :  500 
(caiTein). 

AuCly  Most  alkaloids;  limits  of  sensibility  1  :  lOOO 
(-(-  atropin,  o  codein). 

HgCl^,  Limits  of  sensibility  i  :  500  (+  caffein.  some 
time ;  o  morphin). 

/^fT,.     All  alkaloids;  limits  of  sensibility  1  :  2000. 

KXrfi^.  Limits  of  sensibility  i  ;  500  (-f  stry'chnin,  o 
caffein). 

Tannin.  Most  alkaloids ;  limits  of  sensibility  1  :  300 
(+  strychnin  ;  o,  almost,  morphin). 

3.  Color  Reactions. — Alkaloids  give  characteristic  colors 
with  concentrated  acids  or  similar  reagents. 

K-unnplfS  : 

If^SO^  cojiccntratcd :  often  colored  hc|uids  (vcratrin). 

H^SO^  +  heat :  mtjrjjhin  (first  colorless)  becomes  red, 
violet,  and  green. 

flXO^  concent latL-d  :  morphin,  orange  becoming  yellow. 

4.  General  Treatment  of  Alkaloidail  Poisoning. — This 
consists  in  neutralization  and  evacuation.  These  two  are 
practically  the  same  for  all  alkaloids.  In 
general  treatment,  each  alkaloid  requires  a 
logic  antidote. 

Neutralization. — Any  of  the  alkaloidal  precipitants.  if 
itself  non-toxic,  may  be  used  for  this  pur])ose. 

Tannin  :  ftow  abotit  '-j  flrachm  (2  Clm.)  or  in  the  form  of  sining  lea.  The 
bitiiiat?«  of  alknloids  are  decomposed  by  acide,  conscquemljr  by  ehe  guMric 
juice.  It  \\,  tlicrcfurc,  neoc&sarv  to  administer  Wve  Laiiriiii  vritli  alkalies 
(Kxtiiim  cnTtNiiinte  or  sodium  bicarfynnnle).  Ii^iin  -j-  p<>tastium  iisiiJ  (Lugot't 
Milution)  or  tiHtturt  of  ufiin  :  This  is  (jiven  in  doses  nf  15  drops  freely  diluted 
with  WAler.  The  prrcipilaie  \s  redissoIvKl  by  the  alkaline  juice  <il  the  intes- 
tine<,  hence  ihey  muii  \->c  folUiwwl  by  n  ]>urf;aliTe.  Ei^^Tpftite :  The  wrakeil 
of  these  pretipilnnts.  It  i<  ii'^ed  hy  mixing  two  or  three  whiles  of  egg*  in  a 
quart  of  water  and  taking  tenvupful  dose*.  PfftHfinm  pfrmaugaHale  :  20  to 
50  |>niins  1 1  to  5  (.ttn.)  in  a  pint  of  waler.  This  will  be  efficient  ontj>  if  the 
•tomnch  is  mmpAralively  empty. 

Except  the  last,  these  precipitates  are  redissolved  in  some 
part  of  the  alimcntir\'  canal.  It  is,  therefore,  necessarj'  to 
follow  them  up  by  an  emetic  and  a  cathartic.      If  tlicy  are 
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vomited  spontancotisly,  this  is  rather  an  ad\aiirage,  and  it  is 
only  nccessar)'  to  repeat  the  dose.  It  may  be  mentioned 
that  any  of  these  chcmic  antidotes  may  be  added  to  the 
water  uiicd  for  washing  the  stomach. 

Evacuation. — This  may  be  efTectcd  either  by  the  stom- 
ach-tube or  by  an  emetic.  The  former  may  be  used  in  all 
atkaloidal  |XJisoning  except  strychnin.  (In  inorganic  poison- 
ing it  cannot  be  used  witii  corrosives.) 

In  itie  kbMDce  of  a  regular  ftfamach-lubr,  a.  piece  of  rubber  f>us  luh'rns  will 

gMi^wrr  ihr  purpose.     The  tube  <ih<iiild  not  be  fnrccd  down,  but  simply  be 

npu^hcd  ^riitiy  into  the  pliar>'nx,  wlitre  ihe  plutryiigeal  muscles  will  effect  its 

r^itnince  iiiiu  the  sionutch.     If   the  patient  Mru{^le»,  it  may  be  Dec»sary  to 

nuke  u^  of  a  gag.     \\^cn  the  &lnmsr.h -tube  is  u«r<I,  one  should  not  only 

evacuate  the  contents  of  the  stonmcb,  but  alsn  wash  out  thi»  organ  thorouffhly, 

picfcnbly  adding  to  the  wash- water  any  of  the  dieiaic  precipitanls  just  loea* 

timed. 

Enutics. — Apomarphin:  This  can  be  given  hypotlermi- 
cally  in  doses  of  about  J^  of  a  grain  (2  mg.)  in  i  fo  solu- 
tion. 

It  poMcues  the  adrantogc  uvcr  the  other  emetics  of  much  more  prompt  and 
^cenain  action,  and  in  the  fact  ihnt  it  mny  be  administered  to  a  patient  who 
rcrtild  resist  ftdniiniMr^tion  by  the  moutJi.      Il   haf  the  disadvantage  that  It 
roduies  tnure  depreM>itin  thiLO  the  metallic  eineCiCb. 

All  the  following  emetics  are  given  by  the  mouth  : 
Zinc  sulphiUt'  (ZnSO,) :    30  grains  (half  a  teaspoonful) 
diluted  in  a  tumbler  of  water. 

Copper  sulphittc  {CuSOJ :  a  piece  the  size  of  a  pea  dis- 
solved in  a  tumbler  of  water. 

Bath  of  rhcse  act  quite  promplly  with  a  minimum  of  depreulon. 

Ipecac:  5)  (tea.spoonful)  of  the  powder  or  5ss  of  the 
wine, 

Tbu  pcndoces  considerable  deprressinn. 

Mustiurd :  A  teaspoonful  stirretl  up  in  a  tumblerful  of 
warm  water. 

Tbis  b  perlups  the  roost  twcertatn  of  these  emetics,  but  it  may  be  Tatuabte 
in  emergency. 

The  emetic  must  be  repeated  in  fifteen  to  twenty  minutes, 
if  necessary. 

Other  measures  consist  especially  in  uritjicial  respiration, 
Thib  will  be  useful  not  only  when  respiration  has  abso- 
lutely stopped,  but  when  it  has  shown  the  first  signs  c^ 
weakening. 
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Any  of  the  ordinary  methods  of  artificial  respiration  may  be  used.  Caution, 
however,  must  be  observed,  for  artificial  respiration  is  not  quite  as  devoid  of 
noxious  effects  as  is  commonly  supposed.  Edema  of  the  lungs,  pleurisy,  and 
even  fracture  of  the  ribs,  are  occasional  sequels  of  violent  artiticial  respiration. 
It  might  in  many  cases  be  replaced  by  inhalation  of  oxygen,  when  this  is  con- 
venient. 

Manual  artificial  respiration  may  be  replaced  by  intermit- 
tent faradization  of  the  phrenic  nerve^  but  in  this  case  there 
is  always  the  danger  of  stimulating  the  vagus  at  the  same 
time  and  of  consequently  slowing  or  stopping  the  heart, 
which  is  extremely  undesirable  when  this  organ  is  already 
depressed. 

Another  measure  which  is  universally  useful  is  the  appli- 
cation of  external  heat. 

In  summing  up  these  general  measures,  the  principal 
matter  to  bear  in  mind  is,  that  promptness  is  required  above 
all  things.  When  called  to  a  case  of  poisoning,  the  phy- 
sician should  always  have  in  mind  before  he  reaches  the  pa- 
tient what  he  has  to  do,  because  so  often  a  few  minutes' 
delay  may  bo  sufficient  to  turn  the  scale.  The  first  thing 
to  do  is  to  administer  any  chemic  antidote  which  is  at  hand, 
and,  second,  any  emetic  or  the  stomach-tube;  third,  the 
application  of  heat;  fourth,  if  convulsions  are  present  or 
the  respiration  is  weak,  artificial  respiration ;  fifth,  the  ap- 
propriate physiologic  antidote. 


In  studying  the  drugs,  we  shall,  as  far  as  possible,  follow 
the  subjoined  plan  : 

Members  of  groups  and  tlieir  derivation. 

Summary  of  actions. 

Details  of  action. 

Fate  in  the  organism. 

Relation  to  other  groups. 

Toxicology. 

Fatal  doses  for  animals. 

Treatment  of  poisoning. 

Therapeutic  uses. 

Materia  mcdica. 

Diseases  treated  especially  by  drugs  of  this  group. 
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CHAPTER  VIII. 

CONVULSANT  SERIES. 

(A)  STRYCHNIN  GROUP. 
I.  MEMBERS. 

Strychnin,  Brucin,  Thebain,  Gelseniin,  Calabarin,  Tetanus 
Toxin. 

Derivation.  —  The  principal  members  of  this  group 
(strychnin,  brucin)  are  derived  from  plants  of  the  genus 
Strychnos,  especially  S.  Ignatii  and  S.  Nux  Vomica. 

These  were  unknown  to  the  ancients,  and  are  thought  to  have  been  introduced 
by  the  Arabs.  The  first  good  description  occurred  in  1540.  Strychnin  was 
discovered  in  1818.  The  seed  of  nux  vomica  contains  from  o.3%  to  0.6^  of 
strychnin,  o  ^^.  to  I^  of  brucin.  The  bark  contains  the  same  principle 
in  I«5s  amount,  but  relatively  more  brucin.  It  was  formerly  found  in  com- 
meTx:e  under  the  name  of  "  false  angostura."  Several  arrow  poisons  are  also 
derived  from  the  genus  Strychnos,  especially  the  Upas  Tieut^  from  Java.  Some 
of  the  strychnos  species  do  not  contain  any  active  principle. 

Nux  vomica  also  contains  a  small  quantity  of  a  third  alkaloid,  igasurin, 
which  has  not  been  very  greatly  studied,  but  which  seems  simitar  to  strychnin. 

II.  SUMMARY    OF   ACTIONS. 

1 .  Heightening  of  the  reflex  irritability  of  the  central  ner- 
vous system  from  beiozu  upward,  and  finally  paralysis  of  these 
structures. 

2.  ^*  Bitter  effect"  upon  the  alimentary  canal. 

3.  In  large  doses  it  has  a  curare-like  action  upon  muscle- 
nerve  endings. 

4.  A  paralysis  of  certain  ganglia  (the  superior  cervical 
sympathetic). 

III.  DETAILS  OF  ACTION. 

(A)  Central  Keryous  System. — I.  Spinal  Cord. — The 
principal  symptom  of  str>'chnin-poisoning  is  an  increased 
reflex  irritability  of  the  spinal  cord,  shown  most  conspicu- 
ously by  the  production  of  tetanus.  The  animal,  frog  or 
mammal,  after  a  short  period  of  increased  reflex  excitability 
is  thrown  into  violent  clonic  spasms.  (Spasms  or  convul- 
sions are  called  clonic  when  they  are  intermittent,  tonic 
when  persistent.)  There  are  sudden  and  violent  contrac- 
tions of  all  the  muscles  of  tlie  body,  persisting  for  a  few 
seconds  or  minutes  ;  then  there  is  complete   relaxation,  the 
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Brain  and  Medulla. — Th«e  can  be  excluded  by  successive 
section  or  destruction.  If  di\ision  below  the  brain  or  me- 
dulla stops  tbe  convulsion,  the  seat  must  be  in  one  of  the 
structures  above  tbe  divided  potnL 

Tlw  coanil«oaB  pKwJacrf  by  niaialilioa  of  the  bnua  or  aedalla  have  nuoy 
cbaiacten  in  mmawa.  Both  show  a  pioiinMBii  pefinl,  cloaic  and  tonic 
■piiu,  aod  ihen  emam  fcjonapondiBg  lo  iIk  sratptooH  of  epdeptr). 

The  syoifMaau  prodnced  by  onaalstkA  of  ibe  ifrt6nU  tmUr  in  rrn^n  have 
been  MudHsl  rvcmtly  by  duftttDg  tbe  tuHace  of  tbe  cerrbnua  with  dry  creatio. 
wkh  tbe  followinfc  rcMiIts  : 

Four  periul<  can  br  di«tmgni<hed  : 

f.  pTaefrom,it,  which  hr^^ins  at  once  ;  lli^t  depmskni;  respimtion  I5  (o 
ao;  animal  rrcovcn  in  five  seconds  to  hT«  ininutr«:  mpiralioa  30  to  90, 
aUuog  rrflc>e«,  pu|>ila  dilaiH.  Then  excileinent :  tbe  animal  jumps,  wipes 
now  Mtd  eyes.  In  five  to  ten  minulei^  it  jumps  aboat  as  if  pursued,  jjvl  ons 
paroxyiBU  of  loud  cric4  ;  ihcn  tnoremrnt  becomes  lesa  coordiiiated  i^.g.,  ii 
makr^  muvcmenta  while  in  air. 

3.  Soddeitly  thtiie  sptitns :  tbe  animal  fall^witb  head  bent  hi,  the  anas 
■Itcrnalely  stretch  and  Itend,  bat  gradually  amiroarh  Memum,  tbe  tegs  are 
atiductcd  and  thrown  forward  and  Iwckward.     This  gradually  pases  ioto : 

3.  Tam<  tpoim  :  ann»  approach  (x  croay  over  middle  tiiw  ;  l^s  and  back 
aa  In  ■irycbnin,  faeail  licnl  toward  belly,  ahdnminal  muscles  contract,  long  cry, 
re«piniti(»n  absent,  heart  very  slow  and  weak  :  after  a  few  seconds  vibration  of 
mu*cle«,  with  •xxaM-malty  stronger  spu»ni».  During  the  whole  attack  rcHexes 
Nb«»liilffly  iitxjiivhed 

4,  After  a  time,  the  animal  reco%-ers  partly  and  draws  in  exti^tnilies ;  it 
■ppean  quite  normnl.  In  ten  minutcii  tbcrc  is  aitothcr  attack,  befrinniiig  with 
(nc  escitenient.       Hiii  may  be  repealed  several  titnes  till  death  txnir*. 

The  rnnvuUioniiliy  '(imiilftlinn  of  the /•/'''/wZ/'f  differ  wmcwhat  from  those  by 
ctrehral  »timiilatu-n.  nut  have  a  great  rc^mblance.     Tbey  show  the  same  sue- 
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I  ofLilritt  prriixl.  clonic  aiiil  tunic  <ipitaui«>,  and  conui.  Ttie  tiicdulUty 
'  fur  amvuliuoii!)  in  Uie  irog  is  Miuoted  in  ihe  luMcrtmir  of  thefuunli  ven- 
trirlr  antl  U  most  cuiixpicuuus  al  a  point  nemr  ibe  culanms  Mecbaolcul  or 
cbcmic  ttimulaliun  uf  thi»  point  couicii  tlir  (ulluwinj'  ^jiiipluin^:  <'ry,  lltcti  a 
«crie»  uf  rapid  and  very  cliuacicriMic  tiKivniicnts,  '1  he  aiiimnl  throws  hit  hind 
Icg»  out  aud  fu  furwiinl  lu  (lir  side  uf  lu&  ltca<l ;  lii>  uruiii  arc  bent  diid  lutich 
nciir  tlie  lociliao  line  ;  heud  iKiildnwn  :  iIitdu^Ii  cviiliiictiun  of  lh<r  tuusclck  tif 
the  l>Bi-li,  die  aiiinuil  iiinis  biiLkward  yimcrsaiilti;  in  ihrsf  movpinrnts  the  legs 
betunie  extended;  he  then  luiii>  on  liellv.  'llirn  the  snitie  iiiuvemeiit!)  are 
rrpcated  five  in  »ix  tiine».  'rhennitiml  appmr>  ihiridirnut;!)  caiilmclinuof  die 
abidntninal  muscles;  trombting  of  the  wliolc  b»»dy  ;  nllnrk  usually  end*  in 
rittiid ;  reflexei  aie  much  diiiiiiiiNhedt  but  not  eitliiely  abolt^tied.  Exactly 
sirDiliir  effects  foltuw  chetnic  stiitiulanls,  as  by  crcutin. 

Ccrchni  ftimuUlion,  Ihereforc,  differs  from  ihc  medullary,  in  (he  fmg,  in 
thai  it  »how!t  longer  stages,  acceleration  of  Tc^piiation,  riitire  iib«tncc  of 
rclWxe&,  and  no  sonicrsaulls. 

Stimulation  of  either  the  brain  or  the  medulla  also  involves — t.  e.,  exhausts 
— the  oihiT  center. 

Section  through  the  nieciuILi  does  not  destroy  the  spasms 

I  after  strychnin.     The  spasms  may.  of  course,  be  diminished 

for  a  short  timt;  by  the  shock,  Isiit  the  animal  recovers  and 

the  convulsions  resume,  which  would  nut  he  the  case  if  their 

seat  were  above  the  cord. 

The  destruction  of  the  spinal  cord  stops  the  convulsions 
entirely.    This  leaves  the  cord  or  the  sensory  endings  as  the 
I  scat  of  the  convulsions. 

Tbeic  peripheral  endings  may  he  excluded  by  ligaling  a  teg  with  the  cx- 

eeption  of  the  nerve  and  llicn  iiijccling  the  (Kji»jii.     'Jht-  leg  wdl  be  seen  to 

lake  part  in  the  con^'ulsionti  although  its  fien«iry  endings  are  excluded  frum  llic 

t»iv>n.     Or.  still  better,  the  lumbar  cord  may  be  iwlatcd  comiptctely  fn>m  Ihc 

blood  aupply  and  (hen  &tr\'chuin  injected  into  die  leg.     By  (bis  melhod  the  leg 

I  dure  not  show  con\-uUion»  even  though  the  sensory  endingn  arc  cx[>vMcd  li>  the 

i  Hrrchnin  ;  whereas  the  spinal  cord  is  not  exi>ose<l.     The  convutMons  show 

I  much  mure  tjuickly  and  strongly  if  the  strychnin  t:*  injected  into  tlic  subdutai 

■  canal.     'llii»  fact  alMi  tcnd>  to  ^up{iort  ttic  upjniun  advanced. 

It  is  evident,  then,  that  the  sensory  endings  are  not  the 
scat  of  the  action. 

A^im,   the  convulsions  might  be  conceived  as  arising 

ithrougli  Atiinct  stimulation  of  the  centers  (as  ina.sphyxia) ; 

or  through  rt^tx  stimulation  (as  in  pain);  or,  finally,  not 

from  stimulation  at  all.  but  from  tlie  more  faciU  passage  of 

L  impulses. 

The  firu.  that  is  lo  say,  the  direct,  Btiraulalion  of  the  centers  is  rendered 
I  fannrotiablr  by  the  fact  that  in  •flight  degree^  of  strychnin-|M>isnniiig  the  c<m- 
f  v^lsk>n9  do  no(  occur  spontanrfiu-vly.  but  only  upon  Mimulmion.  In  very 
large  dose*-  the  stimulation  re^iuired  may.  indeed,  be  so  small  ns  not  to  be  per- 
t  cr]«d>lc  and  the  tetanus  may  liear  an  auKHnatic  rhararler.  Hut  that  leflcxcs 
[•re  involved  here  also  is  nhown  by  the  fact  that  the  convulsions  may  be  pre- 
cvetucd  by  cutting  off  sensory  impreuions  from  the  cord ;  e.  g.,  by  placing  a 
'.  in  a  weak  cotmin  soluiiou,  jusi  strong  enough  lo  paralyze  (he  sensory 


SERIES. 


endings  without  producing  ocntnl  panlykift,  or  by  dividing  all  the  postcnor 
rootj. 

'ritat  there  is  no  tcScx  peripheral  stimultttion  b/  strychnin  iL!«]f  is  sfaowm 
by  the  cxpcntnent  mcnlii)nr<l  :  vix.,  li|^ion  4)f  the  html  legs.  Fnrtltcniuire, 
(bifct  appltcnhtin  of  strychnin  to  the  spinal  cord  hiu  the  «une  remit. 

This  leaves  but  one  explanation  :  the  more  facile  passage 
of  tlic  norninl  impulses.  Str>'chnin  tetanus  must  be  con- 
ceived as  caused  by  the  extensive  spreading  of  reflexes  on  tlic 
3|>plication  of  small  stimuli  (a  spreading  which  is  not  nor- 
mally seen  except  after  the  very  strongest  stimulation). 

The  resislftnce  mftv  he  lowered  at  three  different  points ;  in  the  cells,  the 
endings,  ortUe  nerve  tibcta  of  the  spinal  cord.  There  is  tcmson  lo  suppose  thai 
the  (ihers  of  the  central  nei-vnus  sysitvcii  show  n-Ulivdy  ms  little  Kusceptibilily  to 
p«>i<ions  as  the  peripheral  (ihent,  and  that  the  action  it  therefore  limited  to 
tfitlier  cells  ur  endings. 

The  exact  location  of  the  action  of  strychnin  in  the  spinal 
cord  has  been  the  subject  of  extensive  experimentation  and 
speculation.  Even  at  the  present  day  no  agreement  has 
been  reached.  It  seems  impossible  to  resolve  the  problem 
definitely  with  the  present  physiologic  methoils,  only  the 
newer  cytologic  stains  may  lead  to  a  more  definite  local- 
ization. It  can  be  demonstrated  that  f/w  lUtiofi  is  not  situ- 
and  in  the  posterior  ganglia,  for  stimulation  of  the  roots 
central  to  these  is  effectual.  Most  recent  experiments  tend 
to  show  that  the  eflcct  of  strychnin  consists  in  inducing  a 
condition  of  greater  excitabihty  in  both  motor  and  sensory 
cells. 

Fitehoe  devised  the  following  experiment  lo  substantiate  Ibis  llieory.  He 
Isolated  as  completely  as  possible  the  tower  bolf  of  the  cord  of  a  frog  from  its 
bliKid  supply,  and  then  injected  appiopriatc  Aaxs  of  strychnia,  \\\  this  way 
expoung  the  up[)er  half  of  the  cortl  to  the  poison,  wbiUl  llie  lower  holT  re- 
mained unpoiM^ncd.  Slimulalirig  ihe  fore  or  lund  bnib,  and  ob«erviDg  the 
effccis  on  ihi-  animal,  ht*  imlcd  the  following ; 

1.  Stimulation  of  fore  leg  gives  tetanus  of  the  fore  leg*  (reflex  from  poisoned 
Mn90r>'  to  poisoned  motor). 

2.  Stimulatioii  of  fore  leg  gives  short,  l«il  very  prompt,  contraction  of 
hiT>d  tegs  (reflex  from  puitoiied  sensory  In  wnpoisoned  motor). 

3.  Stimulation  of  bind  leg  gives  single  short  contiactk>Q  of  hind  leg  (reflex 
froro  unpoisoncd  wnsory  lo  unpnisoned  motor). 

4.  Stimulation  of  bind  leg  gives  tetanus  of  fore  legs  (reflex  riom  !»• 
poisoned  sensory  to  p<MM>Ded  motor). 

2  9bow&  that  poisoning  of  the  sensory  cells  alone  cause*  n  more  prompt 
crmtroclton ;  4,  that  poisoning  of  the  motor  cells  ainnc  cauttes  tetanus.  Tkt 
trat  nf  tkt  tttanu!  is  ikfrff«rc  in  tkr  motor  (tth,  ivAt*tnt  the  ttnu>ry  (fits  art 
tHfrrly  rtnderej  eap^ible  cf  it/'frrniifinj;  ttimuti  ttic<e  sharply. 

This  Agrees  well  wilh  what  is  known  about  the  action  of  strychnin  on  (he 
special  sense?;  it  effects  here  a  greater  acuteness,  but  no  fusion  of  Riccrwlirig 
impreisiooi,  wliich  would  correspond  to  a  tetanus.  The  reaKni  for  this  ap- 
parent  difference  in  the  action  of  Mrychnin  on  sensory  and  motor  ceUs  lies, 
not  in  ihe  strj-chnin,  but  in  the  proper  fuflcboTiB  of  the  rvcrvecell.     Strychnin 
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places  each  in  a  state  of  greater  excitability  ;  but  the  sensory  cell  is  constructed 
to  express  this  by  greater  acuteness,  the  motor  cell  by  more  sustained  effort 

The  nature  of  tlie  stimulation  is  of  some  importance. 

The  convulsions  are  only  elicited  by  stimulation  of  certain  paths,  i.  /.,  by 
direct  stimulation  of  a  nerve,  and  by  the  special  senses  of  sight,  hearing, 
and  especially  touch,  the  latter  being  by  far  the  most  active.  Direct  stimula- 
tion of  an  exposed  muscle  or  of  the  intestine  is  very  much  less  efficient  than 
simulation  of  the  skin.  No  matter  how  slight  the  stimulation,  if  it  has  any 
result  at  all,  it  is  always  maximal. 

The  tetanizing  action  of  strychnin  being  located  in  the 
spinal  cord,  several  facts  are  explained.  Thus,  that  strj'ch- 
nin  convulsions  are  abolished  by  curare,  since  curare  blocks 
impulses  from  the  cord  to  the  muscles.  Also,  that  strych- 
nin has  a  stronger  action  on  a  paralyzed  limb  in  those 
cases  of  paralysis  in  which  the  lesion  is  above  the  cord,  for 
cutting  off"  of  the  spinal  cord  from  the  brain  always  in- 
creases its  reflex  excitability. 

The  fact  that  strychnin  in  small  doses  increases  the  tone 
of  muscles  is  also  due  to  Its  heightening  tlic  reflex  excita- 
bility of  the  spinal  cord.  Not  only  the  convulsive  centers, 
but  other  spinal  centers  are  put  in  a  condition  more  favor- 
able to  reflexes.  It  is  in  this  way  that  strychnin  is  useful 
in  impotence  or  in  paralysis  of  the  bladder  or  other  sphincters^ 
when  these  are  due  to  lowered  activity  of  their  respective 
spinal  centers. 

The  increased  activity  of  the  muscles  brings  about  sei'eral 
secondary  results:  (l)  Pain:  Strychnin  convul.sions  are  ex- 
tremely painful,  just  as  any  other  form  of  muscle  cramp. 

Patients  and  animals  very  often  utter  a.  sk,irf>  cry  at  the  beginning  of  a  con- 
vulsion. This  is  not  due  to  the  pain,  but  to  the  sudden  contraction  of  the  ex- 
piratory muscles,  for  it  often  precedes  the  convulsions. 

(2)  Increased  metabolism:  An  increased  consumption  of 
oxj'gen  and  increased  output  of  CO^,  and  an  increased  use 
of  glycogen.  (3)  Tendency  to  rise  of  blood  pressure.  (4) 
Tendency  to  quickening  of  the  pulse  (which  is  counteracted 
by  the  stimulation  of  the  vagus  center).  (5)  Tendency 
to  increase  of  temperature,  which  is  counteracted  by  the 
dilatation  of  the  cutaneous  vessels. 

In  small  and  young  animals  the  heat-loss  predominates,  so  that  their  tem- 
perature falls,  especially  when  the  dose  is  small.  Large  animals,  on  the  other 
hand,  show  a  rise  in  temperature.     This  holds  true  of  all  convulsant  poisons. 

(6)  Asphyxia  by  tetanic  fixation  of  the  respirator)--  mus- 
cles (later,  also  by  the  depression  of  the  respiratory  center). 
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jytis  (tsphrxin  brings  71,'ifh  it  !L  wQUows  condition  of  the  blood 
and  venous  conijesdon  of  ortjans,  lividity  of  tlie  skin,  pro- 
trusion of  the  eyeballs,  tiihited  pupils,  increase  of  the  con- 
vulsions, and  rise  of  blood  pressure;  later  tlicrc  is  coma. 
Glycosuria  is  also  a  constant  result  of  asphyxia.  (Cilyco- 
suria  also  (occurs  o\\  the  intravenous  injection  of  large 
quantities  of  isotonic  salt  solutions.) 

The  asphyxia!  stimulation  of  the  vasomotor  center  is  fol- 
lowed by  paralysis  from  the  same  cause.  In  tliis  way  tiie 
aortic  pressure  falls  below  tlie  jKiint  necessary  to  maintain 
tile  coronary  circulation,  the  heart  stops,  and  death  results. 
The  asphyxia  is  often  the  cause  of,  or  at  least  contributory 
to.  death ;  and  life  may  be  often  prolonged  by  applying 
arlijicia/ nspirttfiort,ii\'c\\  before  the  natural  respiration  has 
ceased.  But  this  salutar)'  effect  of  artificial  respiration  is 
also  in  part  due  to  the  increased  destruction  of  str\-chnin 
which  it  favors. 

Kor  il  not  unly  urcs  an  animal  already  in  conTulsioos  bul  it  may  entirely 
prrv<>nl  llic  latter  if  llir  projKr  dose  is  employed.  It  ha*  a  «in]tlar  antidotal 
cfitsiX  n^iiiM  the  c(iiiviil'ti»ti«  of  brucin,  cii^ein,  and  tbebftiii.  hut  not  against 
tlKiM;  ijf  (jicripliixin  or  uicutin.  (Willi  sir^-chnin  the  fatal  di»»c  i*  raised  50% 
if  the  animal  in  jilatred  in  an  atmosphrre  of  oxygen,  t  Certain  exfierimeiils 
ninke  il  seem  pmbnble  that  the  rliytbraic  inuvetuent  of  artificial  re«piratiun  is 
*Xf*3  ill  itself  beneficial. 

Z  The  Medullary  Centers. — There  is  a  general  stimula- 
tion and  paralysis  of  the  vayus,  vasomotor,  and  respiratorj* 
centers.  Stimulation  of  the  va^HS  center  finds  its  expres- 
sion in  a  slowing  of  the  pulse.  This  slowing  is  counter- 
acted by  the  convulsions,  for  muscular  motion  of  all  kinds 
tends  to  produce  quickening  of  the  heart.  The  vagus  cen- 
ter is  also  ver\*  rapidly  fatif»ued. 

The  effect  of  strychnin  upon  the  pulse  is  therefore  somewhat  variable.  As 
a  rule,  at  the  beginning  of  a  5(ia«m,  when  the  vogxn  center  has  become  rested 
and  the  muMrular  action  is  not  so  viulcnl,  there  is  voiisidenible  slowing  of  llie 
pulse,  whereas  there  is  a  marked  <|uickenirig  toward  llie  end  of  the  ^{usin 
(Fig,  46.  A  nnd  B). 

The  Vasomotor  Centir. — Strychnin  ]>rii( luces  the  usual 
effects  of  stimulation  of  tliis  center:  viz.,  constriction  of  the 
arterioles  of  the  abdominal  area  and  dilatation  of  the  vessels 
of  the  skin.  Throui»h  the  former,  there  is  a  rise  of  tlie 
blood  pressure,  which  is  further  favored  by  the  convulsions 
(Fig.  46,  A  and  R\ 

It  raiglit  be  «ipi>otied  that  ihc  ii^e  of  pteuurc  wa»  doe  wiely  to  the  om- 
vulsions.  for  a  similar  rise  \\  obvrved  in  spasn]  however  produo-d.  but  the 
effect  of  the  sliYchnin  is  larger  tlian  can  be  accounted  fur  in  this  manner,  and. 


STRYCHNIN. 


163 


A«V^ 


r\pmwr[      |i]iU| . 


.yvww*wi*v 


/Vl/l/lMM 


Fig.  46. — Effects  of  sttychnin:  The  drug  is  injected  at  X*  -^f  ^.  *"** 
C,  Carotid  pressure  tracings  (dog).  ^,  Shows  vagus  stimulation  shortly  after 
on.<«t  of  spasm;  rise  of  pressure  notwithstanding  slowing  (vasoconstriction); 
>trengthening  of  heart-beat  (muscular  spasm  and  slowing)  ;  at  •)f  secondary 
riuickening  from  vagus  fatigue,  and  lowered  pressure  from  vasomotor  fatigue 
[central).  B,  Shows  slowing  and  strengthening  at  onset  (a)  ;  quick  during 
height  ofspasm  l^)^=  secondary  to  muscular;  very  quick  and  weak  in  interval  (t-), 
due  to  fatigue  of  vagus  and  vasomotor  centers.  C,  Shows  rise  of  pre^^sure  after 
romplete  curare  paralysis  ;  i.  f.,  direct  vasomotor  stimulation.  Z>,  Respiratory 
tracing,  dog  (tracheal  cannula  to  tambour  by  T-piece).  £  and  /•',  Tracings 
from  isolatMl  heart  (after  Hedbom)  :  £,  Stimulant  effects ;  A,  paralytic  effects. 
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rar.Iicimon-,  slryvlmiii  cau>t;s  a  rise,  althouyh  not  quite  as  larye,  when  ihe 
k\';iMiI'>i>>ii>  liavr  Ik'cii  prevoiited  by  curare  (^Fig.  46,  c). 

riic  vasomotor  center,  like  the  otlier  medullar)'  centers, 
IS  soon  fatigued  by  overstimulation  and  by  asphyxia,  and 
xWw  is  .1  I'all  of  the  pressure  to  below  normal  during  the 
:;*.tk'rvals  of  the  convulsions  (Im^.  46,  A,  B,  and  C).^ 

S'ftiif/  t/o.us  cause  a  rise  of  bhiod  pressure  and  an  in- 
t'lvast'd  tone  (^f  the  heart  without  much  chant;e  in  the  pulse- 
Kite.  partly  throuj^h  stimulati»»n  of  the  medullary  center, 
jvutly  thri)uj;h  the  increasctl  activit\' — /".  r..  tone — of  the 
■»kvU-tai  muscles.  These  doses  neeti  not  be  larj^e  enouj;h 
to  cause  an\-  fatij^ue  of  tlie  center  with  depression  of  the 
oiivulation.  Stryclniin  is.  therefore,  an  extremely  useful 
kU  Hi;  thera|Jentical]y.  when  it  is  desired  to  cause  a  quick  rise 
oi  the  bh)nd  pressure. 

/"•>(■  KtSf'irit/orv  Cintcr. — This  is  stimulateil  (Fi|^.  46,  D) 
\\\  strvchnin  both  directly  and  retlexly  throu<;h  increase  of 
mu'icular  work. 

The  direct  increase  in  the  excitability  of  the  respiratory 
venter  is  \'ery  important  therapeuticalh'.  The  acti\ity  of 
this  center  is  norm.illy  extremely  \ariable,  and  as  a  result 
of  disease — ('.,;'■..  asthma — or  tif  dru^s,  the  irritability  o^ 
tiie  center  may  be  so  depressed  as  to  cause  absolute  failure 
of  respiration.  Strychnin  removes  this  depression  and 
eiublrs  the  same  stimuli  to  i  ffcct  much  Iar<;er  results,  and 
\\\  this  way  tides  over  a  danL;er. 

1  In-  x.iii.iMr  <'M  it:iliility  nf  till-  rt>>]iiratiiry  it-nitT  t-xpl.iiiis  why  llie  rfsiilK 
.«I«i.iii"ii  l>v  l.iiiiili--  i-\[n'iiiin-iil-»  :ii(.'  Hut  Lilwa}"*  iiiiironii.  In  fact,  tho  ust'fiil 
«iiiiiul.itiiiL:  '  tti-.t  "\  A\\\\\\\\\\  h.i-  ln-i-ii  :it)MiI)iit  ly  ili-iiiiil  liy  xiine.  Hut  mi'"! 
,-\l<fiiiii'  iiti  I-  :iiiii  iliiii<.il  i'!i-.'rvii-  ;iyir»'  ihal  llnTf  is  -luli  a  stiiiitilaiion  by 
^tivtlniiii  .iii>l  il-  :;ri>ii[i,  .1-  ,ii-"i  In  r.ittiiii,  :iiTiiii<>iiiii,  iitiopiii,  and  cain]ihnr. 

It  ^^■ill  l>t"  iii'ticed  that  the  effects  k^\  strychnin  upon  medul- 
lary centii-^  an.'  ixaetl)'  the  opposite  of  those  proiluced  by 
•■  shoik  "  or  by  ane>thitics  (aleohi'l').  and  hence  these  ff>nii 
fche  mntii.d  antidotal  treatment.  Hut  care  must  be  taken 
not  t">  rai-^c  the  d-ise  <.A  stryriiniii  too  hi<;h.  or  it  will  de- 
velop its  par.ily/iui;'  eflect-;.  w  iiioh  add  themselves  to  those 
yy\  the  >lio,k.  It  eoimteract-;  tiu-  effect  of  morphin  on  the 
meiliill.uy  center,  but  is  not  tlie  best  antidote,  since  both 
stimulate  the  citrd. 

'  Tlu*  s|>iii;i!  v.i-.irii.'t.H  cviitcr-  an-  .t'mi  -timul.iU -1,  fur  iniertion  of  stnxh- 
liin  laixf'  lli"   ]M.~-iitc  .U"[tT  si-ilimi  wi  iho  .iiv'.t.il   c.-rd.      Tht  trxi^tcnce  of 
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Another  use  which  can  be  made  of  the  vasomotor  stimulation  is  to  retieve 

low  blood  pressure  caused   by  heart  disease.     It  could  be  used  in  this  case 

_  only  as  a  temporary  expedient  when  immediate  danger  arises  from  this  low 

blood  pressure.     Its  permanent  use  would  be  precluded,  since  it  increases  the 

work  which  the  heart  must  perform. 

Strj'chnin  is  often  called  a  '' heart  stimulant"  Its  direct 
effect  upon  the  heart  is  extremely  small. 

In  experiments  made  on  the  excised  mammalian  heart,  it  has  been  found 
that  a  small  dose  slows  the  heart  and  increases  its  force.  Somewhat  larger 
doses  cause  a  slight  quickening,  with  increased  force  iFig.  46,  A').  These 
effects  are,  however,  probably  too  small  to  be  of  any  therapeutic  importance. 
Very  large  doses  cause  paralysis  of  the  cardiac  muscles  (Fig.  46,  F). 

What  therapeutists  really  mean  by  the  statement  that 
'•strychnin  stimulates  the  heart,"  is  that  it  improves  tlie 
pulse,  a  result  of  the  rise  of  blood  pressure,  which,  as  has 
been  said,  is  brought  about  by  the  stimulation  of  the  vaso- 
motor center.  The  term  "cardiac  stimulant"  is  one  which 
has  been  used  extensively,  but  so  loosely  that  students  will 
do  well  to  discard  it  altogether. 

The  remedies  which  act  similarly  to  strychnin  on  the  vasomotor 

center  are  (besides  the  actual  members  of  the  group) :  Cytisin  (from  Cytisus 
and  L'lex),  Cornutin,  Picrotoxin,  and  Coriamyrtin.  None  of  these  have  any 
advantage  over  strychnin,  and  can  be  dis[>ensed  with. 

Paralytic  Effects. — The  paralysis  of  the  medullary  center 
and  spinal  cord  is  partly  masked  by  the  convulsions,  but 
shows  in  the  intervals  and  toward  the  end.  It  is  the  usual 
cause  of  death  in  mammals,  unless  this  takes  place  during 
respiratory  spasms.  It  is  due  to  cardiac  depression,  ex- 
haustion, asphy.xia,  and  a  direct  depressing  action  on  the 
nerve  centers. 

There  seems  considerable  reason  to  believe  that  in  the  frog  the  paralysis  of 
the  central  nen'ous  system  is  caused  largely  by  the  failure  of  the  circulation 
through  cardiac  paralysis,  but  this  is  not  the  sole  cause,  for  the  heart  is  often 
still  beating  when  the  reflexes  have  disappeared.  In  the  case  of  mammals 
death  usually  occurs  before  their  heart  has  stopped. 

It  is  important  to  bear  in  mind  that  the  convulsions  are 
not  the  dangerous  element  in  strychnin-poisoning,  but  the 
paralysis. 

Tetanus  alone  is  not  such  a  dangerous  condition.  Thus,  tetanus  quite  as 
violent  as  that  of  strv'chnin  has  been  produced,  e.  f^.,  by  camphor,  without  being 
fatal,  and  the  very  severe  convulsions  of  traumatic  tetanus  may  last  for  weeks, 
whereas  lai^e  doses  of  strychnin  may  kill  after  a  single  twitch  or  even  without 
any  signs  of  convulsions  (death  may  then,  however,  t>e  due  to  cardiac  paralysis). 

This  is  of  great  therapeutic  importance,  since  it  teaches 
that  remedial  measures  must  be  directed  not  so  much  against 
the  convuLsions.  as  against  the  subsequent  paralysis. 
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furthermore,  strychnin  causes  a  rise,  although  not  quite  as  large,  when  the 
convulsions  have  been  prevented  by  curare  (Fig*  46.  c). 

The  vasomotor  center,  like  the  other  medullary  centers, 
is  soon  fatigued  by  overstimulation  and  by  asphyxia,  and 
there  is  a  fall  of  the  pressure  to  below  normal  during  the 
intervals  of  the  convulsions  (Fig.  46,  A,  B,  and  C).^ 

Smnil  doses  cause  a  rise  of  blood  pressure  and  an  in- 
creased tone  of  the  heart  without  much  change  in  the  pulse- 
rate,  partly  through  stimulation  of  the  medullary  center, 
partly  through  the  increased  activity — i.  c,  tone — of  the 
skeletal  muscles.  These  doses  need  not  be  large  enough 
to  cause  any  fatigue  of  the  center  with  depression  of  the 
circulation.  Strychnin  is,  therefore,  an  extremely  useful 
drug  therapeutically,  when  it  is  desired  to  cause  a  quick  rise 
of  the  blood  pressure. 

The  Respii-atory  Center. — This  is  stimulated  (Fig.  46,  D) 
by  strychnin  both  directly  and  reflexly  through  increase  of 
muscular  work. 

The  direct  increase  in  the  excitability  of  the  respiratory 
center  is  very  important  therapeutically.  The  activity  of 
this  center  is  normally  extremely  variable,  and  as  a  result 
of  disease — e.  g.,  asthma — or  of  drugs,  the  irritability  of 
the  center  may  be  so  depressed  as  to  cause  absolute  failure 
of  respiration.  Strychnin  removes  this  depression  and 
enables  the  same  stimuli  to  effect  much  larger  results,  and 
in  this  way  tides  over  a  danger. 

The  variable  excitability  of  the  respiratory  center  explains  why  the  results 
obtaint;d  by  faultless  experiments  are  not  always  uniform.  In  fact,  the  useful 
stimulating  effect  of  strychnin  has  been  absolutely  denied  by  some.  But  most 
experimenters  and  clinical  observers  agree  that  there  is  such  a  stimulation  by 
strychnin  and  its  grou]),  as  also  by  cafTein,  ammonia,  atropin,  and  camphor. 

It  will  be  noticed  that  the  effects  of  strychnin  upon  medul- 
lary centers  arc  exactly  the  opposite  of  tliose  produced  ly 
."  shock  "  or  by  anesthetics  (alcohol),  and  hence  these  fonn 
fthe  mutual  antidotal  treatment.  Hut  care  must  be  taken 
'not  to  rai.se  the  dose  of  strychnin  too  high,  or  it  will  de- 
velop its  paralyzing  effects,  which  add  themselves  to  those 
of  the  shock.  It  counteracts  the  effect  of  morphin  on  the 
medullary  center,  but  is  not  the  be.st  antidote,  since  both 
stimulate  the  cord. 

'  The  spinal  vasiomotor  centers  are  also  stimulated,  for  injection  <rf  strych- 
nin raises  the  pressure  after  section  of  the  cervical  cord.  The  existence  of 
spinal  respiratory  centers  is  now  denied. 
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Another  use  which  can  be  made  of  the  vasomotor  stimutation  is  to  relieve 
low  blood  pressure  caused  by  heart  disease.  It  could  be  used  in  this  case 
only  as  a  temporary  expedient  when  immediate  danger  arises  from  this  low 
blood  pressure.  Its  permanent  use  would  be  precluded,  siace  it  increases  the 
work  which  the  heart  must  perform. 

Str^^hnin  is  often  called  a  "  heart  stimulant."  Its  direct 
eficct  upon  the  heart  is  extremely  small. 

In  experiments  made  on  the  excised  mammalian  heart,  it  has  been  found 
that  a  small  dose  slows  the  heart  and  increases  its  force.  Somewhat  larger 
doses  cause  a  slight  quickening,  with  increased  force  ( Fig.  46,  K).  These 
effects  are,  however,  probably  too  small  to  be  of  any  therapeutic  importance. 
Very  large  doses  cause  paralysis  of  the  cardiac  muscles  (Fig.  46,  J"'). 

What  therapeutists  really  mean  by  the  statement  that 
*'  str>'chnin  stimulates  the  heart,"  is  that  it  improves  the 
pulse,  a  result  of  the  rise  of  blood  pressure,  which,  as  has 
been  said,  is  brought  about  by  the  stimulation  of  the  vaso- 
motor center.  The  term  "cardiac  stimulant"  is  one  which 
has  been  used  extensively,  but  so  loosely  that  students  will 
do  well  to  discard  it  altogether. 

The  remedies  which  act  similarly  to  strychnin  on  the  vasomotor 

center  are  |l>e$ides  the  actual  members  of  the  group)  :  Cytisin  (from  Cytisus 
and  L'lex),  Cornutin,  Picrotoxin,  and  Coriomyrtiii.  None  of  these  have  any 
advantage  over  strychnin,  and  can  be  dispensed  with. 

Paralytic  Effects. — The  paralysis  of  the  medullary  center 
and  spinal  cord  is  partly  masked  by  the  convulsions,  but 
shows  in  the  intervals  and  toward  the  end.  It  is  the  usual 
cause  of  death  in  mammals,  unless  this  takes  place  during 
respirator}'  spasms.  It  is  due  to  cardiac  depression,  ex- 
haustion, asphyxia,  and  a  direct  depressing  action  on  the 
nerve  centers. 

TTiere  seems  considerable  reason  to  believe  that  in  the  frog  the  paralysis  of 
the  central  nervous  system  is  caused  largely  by  the  failure  of  the  circulation 
through  cardiac  paralysis,  but  this  is  not  the  sole  cause,  for  the  heart  is  often 
still  beating  when  the  reflexes  have  disappeared  In  the  case  of  mammals 
death  usually  occurs  before  their  heart  has  stopped. 

It  is  important  to  bear  in  mind  that  the  convulsions  are 
not  the  dangerous  element  in  strychnin-poisoning,  but  the 
paralysis. 

Tetanus  alone  is  not  such  a  dangerous  condition.  Thus,  tetanus  quite  as 
violent  as  thatofstr^'chninhas  been  produced,  f.  ff.,  bycami)hor,  wiilKitit  being 
fatal,  and  the  very  severe  convulsions  of  traumatic  tetanus  m.iy  iasl  for  weeks, 
whereas  large  doses  of  strychnin  may  kill  after  a  single  twitch  or  even  without 
any  signs  of  convulsions  (death  may  then,  however,  be  due  to  cardiac  paralysis). 

This  is  of  great  therapeutic  importance,  since  it  teaches 
that  remedial  measures  must  be  directed  not  .so  much  against 
the  convulsions,  as  against  the  subsequent  paralysis. 
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J.  The  effects  upon  tlic  brain  have  not  been  sufficiently 
investigated.  This  much  is  certain,  that  they  are  not  very 
great  There  is  no  evidence  that  the  tnotor  psycldc  areas 
arc  more  excitable.  Consciousness  is  not  lost  until  the 
asphyxia!  coma. 

Among  tlic  special  senses  there  is  a  well-marked  incrfast 
in  the  shnrpucss  ami  field  of  vision  for  all  colors,  in  the  olfac- 
tory sense,  and  in  the  sense  o{  touch. 

Ill  tlie  \aM  iwo  the  action  it  rntircly  central.  The  cfTect  on  vision  u,  how* 
e^^Tt  lnr(>e1y  through  nn  anion  on  the  rvtiniil  ganglia  cells. 

(B)  Peripheral  Actions. — It  has  no  action  on  $ien>f -fibers, 
nor  striped  nor  utistriptd  tnuscic,  nor  sensory  end-organs. 
Ver>'  large  doses,  however,  lessen  the  excitability  of  the 
latter  in  the  frog.  It  has  a  curare  action  on  tl)e  endings  of 
striixrd  muscles. 

Tliis  may  he  Mrcnin  the  True,  but  tl<3evelop»  [o<j  late  to  ^ow  hi  tnainiitals. 
Hoth  strychnin  and  brucin  pamlyzc  llie  sui>crior  cervical  gBijRliou.  1 1  has  not 
Sl'cil  invcDtigalcd  whether  this  exteuds  ns  well  to  iheudier  syui)ntheti<:  ([anglift. 
The  eflccl  u|k>ii  iht:  heail  hu!<  already  livcn  mentioned.  Whether  this  eflect  is 
oil  the  nni^le-tiber?  or  neire  enditi^s  cannot  nonr  be  sIMed. 

Alimentar}'  Canal. — Str}xhnin  is  often  of  great  benefit  in 
chronic  ga-stric  and  intL-stinal  catarrh.  It  shares  this  action 
with  all  other  bitter  substances.  No  dt^finite  explanation  can 
be  furnished.  It  has  been  suggested  that  tliereare  in  the 
lower  portion  of  the  alimentary  canal,  organs  corresponding 
in  function  to  the  taste-buds,  and  that  '*  bitters  "  aid  digestion 
through  reflex  stimulation  started  in  these  organs.  For 
this  local  cfiect,  the  Galenic  [>reparations  of  nux  vomica  are 
superior  to  the  pure  alkaloid,  since  they  arc  not  so  quickly 
absorbed. 

The  effects  of  strychnin  upon  animals  devoid  of  a  central 
nervous  system  have  not  been  sufficiently  studied.  All 
those  possessing  nervous  structures  are  affected  by  it. 


IV.   ABSORPTION.  ETC. 

Strj'chnin  is  readily  and  quickly  absorbed,  mainly  from 
th*  intestine.  It  is  probable  that  the  stomach  paitakcs  in 
the  absorfjtion  in  man,  although  this  is  not  the  case  in  the 
rabbit.  The  excretion  begins  quickly,  but  la.sts  for  a  long 
time  (over  eight  da\'s).  It  takes  place  by  sweat,  saliva,  bile. 
and  especially  urine. 

Fate. — The  excreted  strychnin  is  unchanged.     Part  of 
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poison,  however,  undergoes  tiestruction,  probably  oxida- 
tiun.  in  tlic  butly.  Tlic  poison  is  retained  fur  a  long  bnic 
in  the  liver  and  central  nervous  system.  The  destruction 
of  strychnin  has  already  been  discussed  in  the  introductory 
chapter,  page  135. 

Tlic  action  of  strychnin  is  iiiHaenccd  l»  a  marked  cxtcul  by  ihc  tempera- 
tnre  uf  the  aninuil.      CofOing  lessens  tbe  (eUtms  Iml  incTCnM.'.<i  the  toxicity. 

V.    niFFF.RENCES  IN  MEMBfRS  f)F  THE  SERIES. 

Brucin  is  ver)'  much  weaker  than  strychnin.  It  also 
shows  a  greater  tendency  to  paralysis  of  the  central  nervous 
system  and  greater  curare  action.  It  ts.  therefore,  much 
less  useful  therapeutically.  Thebain  and  the  other  mem- 
bers are  not  used. 


Toxin  Tetanus. — 

The  ofrcct5  of  imiiinnlic  tetanus  do  not  result  directly  from  bactcrrn,  but 
frum  Ibcir  toxic  priHlucla,  ScTcral  of  tlicae  have  been  isolated,  belonging  to 
ibc  ptomaine  and  toxalbHmitis.      The  mo*!  important,  however,  i^  a  toxin. 

Tt'-tini  itusalhiitiiins  of  Ilriefi^ci]  ate  the  usual  disens*'  factors  in  infectioos. 
When  pure,  they  do  imt  ijive  the  biuret  reaction,  or  at  nioal  very  foitiCly.  They 
ure  not,  therefore,  prnteido.  Nor  do  they  show  the  baiiic  character  of  alka- 
lAids.  Since  they  may  be  developed  in  non  proteid  media,  they  cnniwt  be  looked 
ilfKin  u  decum position  products  of  pmleid*.  Tliey  are,  however,  probably 
nitrogenous.  They  hitve  never  been  pro<luced  s]'nthelically,  and  arc  fonned  ex- 
clUMfcIy  by  b«cierial  action. 

The  tetanus  toxin  affects  the  central  nervous  system  /*n'~ 
cisiiy  in  the  satm  xaty  as  strychnin.  The  location  of  the 
tetanus  in  the  spinal  c^rd  is  the  same.  It  is  possible,  how- 
ever, that  the  toxic  tetanus  consists  in  direct  stimulation 
rather  than  in  an  increase  of  the  reflex  Irritability  of  tlie 
cord.  This  has  not  been  well  made  out  The  most  con- 
spicuous difference  consists  in  the  existence  of  a  long  latent 
period  and  in  a  different  channel  of  absorption.  Strychnin 
tetanus  begins  just  as  soon  as  the  poison  is  injected,  tlic 
con^TjIsions  invohing  all  the  muscles,  irrespective  of  the 
place  of  application.  The  ab.sorjrtion  may  occur  by  either 
blood  or  lymph  channels.  Toxin  tetanus,  on  the  other 
hand,  shows  three  stages:  (l)  Local  spasms:  There  is  a 
contracture  limited  by  the  inoculated  area;  r.  .^'■..  the  leg. 

!2)  This   local  contracture  spread^  to  adjoining  structures. 
3)  The  spasms  become  generalized. 

Tbn  ift  (be  u«tial  cour«e  in  animals ;  bal  in  man  and  the  horM*  a  trismus  is 
■unlljr  the  first  symptom.  If  the  poiwtn  i«  injected  intravenously,  the  spume 
MS  (rneratned  from  the  start  in  all  BniaiaU. 
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The  qucstiuu  iinlurally  wggesis  iLtdf:  If  th«  putMJQ  acta  dii  llic  ccnml 
nervoiu  sysiem,  liow  does  it  happen  thai  the  coniniutuTt:  Bt  ilir  place  of  injr<.- 
linn  prcccilcs  ihc  general  cnnvulsion^  or  in  many  ca.**s  may  mniAiii  Imral  Utr 
wcckA  witltout  becoming  general  at  all?  One  might  tliiiik  (hul  the  irritaiiuii 
from  the  wuuiiid,  acliug  a>  a  reflex  .slimulu!^,  might  be  r»[HmMl>lc  lur  llie  lixnl 
rotidiliiin.  Thi.i  is,  however,  not  the  ca»c,  for  a  much  Mmnger  irntaiion 
applied  by  croton  oil  at  another  point  doe»  iiol  produce  localised  cuotraclure 
at  this  area.  Tbc  oiily  plausible  explanation  is  that  the  ]K)iM>n  ii>  conducted  to 
the  central  ncrvnns  »'Mcm  along  the  nerves.  The  iicrvc  sheath  is  quite  capable 
of  conducting  injection  nia^^s,  and  it  has  been  shoun  that  the  [>ortJon  of  the 
central  ncrvuus  !>yMciii  currc^pundiug  to  the  entiancc  of  the  nerve  coming  I'runi 
the  afliectcd  area  h  richest  in  toxin.  It  ha^also  been  shown  that  the  iniTii^liie- 
tion  of  the  ptMBoninln  the  subdural  space  couwii  local  tcLanii'iof  the  corresi^ind- 
ing  area,  which  by  careful  application  may  even  be  confined  (o  the  Cfinvspoiid- 
ing  Mde. 

When  the  poifion  is  injected  intravenously,  it  disappears  very  rsjiidly  from 
the  blood  (inside  of  four  ininute«|,  but  docK  not  produce  it»  action  for  quite  a 
long  lime.  Frvrn  thi>,  it  would  appear  that  the  jTuiMXi  ift  fixed  in  ionic  way 
in  the  tissue's  or  fmrlieularly  in  the  central  ner\'nu!«  aynleni,  Bitice  it  is  from 
here  (hat  ihc  symptuiii>>  ari'Mr  ;  and  ncc«>rding  to  the  (heory  <>(  nerve  coiiduc- 
ttun,  it  would  be  ^xed  primarily  in  tboM:  jxirtionii  which  it  ivache^  tk»t.  It  ha^ 
indeed  been  «hi>wn  thni  Ihe  spmal  con)  may  cunlnm  tetaitu>  (oxins  whibt  the 
blood  may  at  the  winic  tinu*  be  free  from  thf  m.  The  mi'Mliftcatioiih  prcMlnccd  by 
it  muMl,  llien,  occur  very  iilowly.  and  they  can  be  re*lniined  for  a  time  by  »uit- 
ahle  condJlion«.  I  n  c>  lolnl  f^lg^  it  may  Iw  injected  witliout  prtMludng  any  synip- 
ItMii*  wbafi'Jever,  and  we  kmtw  that  it  is  not  dewroyed,  but  retained  wtnewhere, 
for  the  tetanus  cati  lie  pnxluced  at  any  time  up  to  sevemi  months  by  raiMiig  the 
tempeniiure  of  the  animal.  Similarly,  the  i-oiitrnciuu>  nmy  persiM  in  mamoMltj 
for  «eveiai  weeLu  after  the  toxin  has  di%a|>|jearcd  fiorn  the  blood. 

It  sliU  remain<i  to  be  dem<in>.l rated  by  experiments,  which  would  not 
to  t>e  so  very  difficult,  whether  (he  pninort  in  the^e  cases  is  fixed  nnd  rriainedl 
in  tlie  cenlrnl  nervous  ^y^ieui  or  whether  it  ho-S  led  to  an  allerati'vn  of  lU  func-  i 
tion  which  may  jtcrtist  or  become  conspicuous  ouly  aiier  the  paiaon  iladf  has 
been  excreted. 

The  tetanu.s  antitoxin  acts  chemically,  i.  r.,  it  must  come 
into  actual  roiitacrt  witli  the  toxin  and  may  destroy  the  latter 
outside  the  bod)*. 

Since  the  toxin  is  absorbed  but  slowly,  the  antitoxin  should 
be  injected  at  tbe  seat  of  inoculation,  on  the  chance  that  it  will 
neutralize  the  to.xin  as  it  is  formed.  When  the  poison  has 
once  reached  the  central  nervous  system,  the  antitoxin  has 
hltle  action- — probably  because  it  is  absorbed  by  dilTerent 
channels  and  does  not  reach  the  .spinal  cord  in  sufficient 
amount. 

This  is  borne  out  by  clinical  result :  after  the  symptoms 
have  appeared,  the  scrum  treatment  is  useless.  It  is  very 
u.sefiil,  however,  as  a  prop hj- lactic,  anil  sliouKI  be  used  In 
all  cases  a.s  soon  as  possible  after  a  suspicious  injury  has 
been  received.  The  introduction  of  the  antitoxin  into  the 
subdural  space  has  not  been  as  successful  as  was  antici- 
pated. The  reason  for  this  lies  in  the  fact  that  it  passes  ■ 
verj-  rapidly  into  the  blood  and  lymph,  so  that  tliis  manner  j 
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of  admmistration  does  not  biing  it  more  directly  into  con- 
tact with  the  spinal  cord  than  wlicn  it  is  injected  elsewhere. 

One  might  be  templed  1u  !>uppo>e  lb«t  wilh  thi<  and  other  (oxins  showing  a 
latent  fienud,  il  it  not  the  injected  MitMtftnre  whii-h  t^  aclive,  but  that  this  WaAi 
10  thr  geneniiiim  of  the  really  active  IkkIv  during  (his  Intent  pcfiiMJ.  If  this  in 
the  CAX,  this  "srt:iindary  titxlii "  niu!>l  br  drvrtnped  m  and  coiillnt'd  la,  the 
central  nrrvoui  Avslrm  itself,  Tor  il  ilnes  nut  exiil  in  llie  htiiod  nt  the  litut-  uf 
the  altacJu  (Similarly,  the  hlocd  coiilaiut  nu  toxic  substance  in  diphtheria  at 
the  time  when  the  luiic  symptomH  appcni.j 

Like  all  otlicr  toxins,  tliis  tetanus  iinison  is  destroyed  by 
ferments,  and  is  thei^lbre  ineffectual  by  tlie  mouth. 

Relatioii  to  Other  Groups. — By  ils  action  on  the  cen- 
tral nervous  sj'stem,  str^-chnin  resembles  caffcin  and  picro' 
toxin,  the  diflTerence  ct^nsistinj;  in  tlic  pt)rli()ii  of  the  central 
nervous  system  m.iinly  affected.  The  increased  irritability 
of  the  spinal  cord  connects  it  with  ntorphin,  its  action  on  the 
endings  of  the  stripcfl  muscle  with  curan.  (A  derivative  of 
strychnin,  methyl-str>'chnin,  is  a  member  of  the  curare 
group.)  The  action  oit  the  cervical  sympathetic  ganj^Hon 
is  allied  to  that  of  nicotin.  The  cardiac  paralysis  v&  common 
10  manj'  poisons. 


VI.  TOXICOLOGY. 

Strj'chnin  is  one  of  the  most  commonly  used  of  poisons 
both  for  suicidal  ami  criminal  purposes. 

In  a  MittiMical  coll«"li€m  of  \ill  kmJf  of  f^omming,  the  order  nf  frequency 
i>  the  followtn}*:  opfnirs,  cyanids,  veiiuin  mul  Ht  Itillcr.  ciubolic  acid,  strycfa- 
n»n,  niitirml  nrtiU,  uxalu:  acrd.  arsenic,  mercunp-,  ph(i>tj>l«ims.  chlorofomi  and 
chloral,  ominmiin.  l»«-|liid(Mjim.  aconite,  copper,  and  indin.  In  criminal 
fiHj0fitrig  11  ruu»> :  arsenic.  pbu.>pharus,  copper,  mineral  ncids,  cantharidi&, 
■Irychnin.  "[ibtes  im-ritiry.  fyiitii<lj>,  mid  iodiii. 

Ir  might  at  first  n[ipe.ir  «irange  thai  a  substance  wilh  mch  n  marked  and 
<luaj;rrr«lilc  taste  as  ha«  strychnin  shnuUJ  l>c  u.%d  for  poisoning,  but  n  moment*! 
thtraclii  will  .>iliiiw  that  if  a  liquid  i^  iiikrn  itn'iu<^|H-t'liii{;ly  the  taste  is  not 
DMiced  until  a  Inrge  amount  h(»*  been  swallowed. 

Il  \>  a  icmaiUable  fact  that  women  suicides  Imve  a  much  greater  leaning 
than  mrn  in  iMUMmini;,  (hit  forming  1 1  ^  of  the  cases  of  suicide  in  ihe  formert 
bekI  S%  in  the  latter  sex. 

Time  of  Appearance  of  Sj'inp/tvis.—'}  he  symptoms  do  not 
often  appear  before  fifteen  minutes,  nor  are  they  often  de- 
layci!  beyond  half  an  hour,  but  in  one  case  an  hour  and 
three-quarters  elapsed  before  the  symptoms  began.  The 
time  will  depend  upon  individual  diHercnces,  upon  the 
manner  of  introduction, — if  into  the  stomach,  whether  this 
is  full  or  empty,  ami  upon  the  nature  of  llie  food,  if  any  is 
prcsciU. — upon  the  place  of  introduction  (hypodermically, 
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etc.),  and  upon  the  preparation  of  the  poison  employed. 
The  alkaloid  uill  act  faster  than  the  tincture,  and  these, 
again,  faster  than  pills. 

First  Symptoms. — The  sjmptoms  may  stait  with  a  feeling 
of  uneasiness  and  a  heightened  reflex  irritability  (nervous- 
ness) ;  tlien  comes  a  stiisation  of  tightt-niiij^  and  drawing 
in  the  lower  jaw,  or  there  may  be  a  twitching  of  the  little 
finger.  These  synifrtnms  are  tlie  most  that  should  be  pro- 
duced with  tlicrapeutic  application. 

In  case  any  portion  of  the  body  is  paralyzed  from  a  high 
lesion,  tiiis  pare  may  be  the  first  to  show  the  spasms. 

Advancid  Symptoms. — With  large  doses  these  prodromal 
symptoms  are  usually  absent,  and  the  attack  often  begins 
suddenly,  with  a  cry  or  shriek,  which  is  usually  caused 
niechanicall)  by  convulsive  movements  ratlier  than  by  pain. 
Tlus  is  followed  very  quickly  by  the  characteristic  convul- 
sions. The  patient  is  thrown  into  general  convulsions,  at 
first  clonic  and  tlien  tonic.  Opisthotonos  results  from  the 
contraction  of  the  extensors.  The  patient  will  touch  the 
ground  with  his  he;id  and  foet,  the  rest  of  the  body  being 
arched  above  the  floor.  The  feet  are  curved  inward.  These 
conditions  do  not  persist,  but  pa.ss  into  clonic  spasms  and 
soon  an  intermission  ensues. 

The  respiration  during  the  attack  is  at  first  labored  and 
dyspndc,  and  then  ceases  by  the  spasmodic  contraction  of 
the  diaphragm.  The  abdomen  and  ciiest  may  become  as 
stiff  as  a  board.  The  jjaticiit  may  foam  at  the  mouth  on  ac- 
count of  the  disturbed  respiration.  Tlie  interference  with  the 
circulation  and  the  pressure  on  the  abdominal  viscera,  aided 
by  the  stimulation  of  the  respective  medullarj*  centers,  may 
lead  to  purging  and  vomiting.  Lock-jaw  and  risus  sardoni- 
cus  may  occur  later.  The  interference  with  the  respiration 
leads  to  asphyxia,  and  this  to  cyanosis,  dilatation  of  the 
pupils,  and  later  coma.  The  pidse  is  small  and  tense.  The 
patient  is  perfecth'"  conscious  and  usually  suffers  excruci- 
ating pain.  In  a  few  cases  this  may  be  absent  on  account 
of  the  anesthetic  effects  of  asphyxia. 

These  spa.sms  are  interrupted  by  ititertnissions,  during 
which  tlie  stimulation  symptoms  disappear  entirely  and  are 
supplanted  by  general  depression.  Suddenly  the  attack  is 
rci>eatcd  as  before.  The  number  of  seizures  is  variable. 
Three  or  four  are  usually  fatal.    The  duration  of  the  spasms 
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and  of  the  intervals  differs  according  to  the  severity  of  the 
poisoning.     They  become  shorter  toward  death. 

Death. — The  patient  dies  in  ten  to  thirty  minutes  after 
the  first  attack,  citlicr  during  a  spasm  or  in  tlie  interval : 
if  tlic  former,  through  fixation  of  the  respiratory  muscles ; 
if  the  latter,  through  paralysis  of  the  medullar)"'  centers. 
Death  by  str^xhnin  is  characterized  by  early  and  often  [x:r- 
sistent  rigor.  (This  is  common  to  all  forms  <tf  convulsions.) 
The  postmortem  appearances  are  those  of  asph>'xia  and 
violent  coovulsions  :  vencuis  cfingcstirni,  uftcn  hy|3ercniia  of 
the  central  nervous  system,  and  small  hemorrhages  ;  in  a 
few  cases  hyperemia  of  the  alimentary  tract 

Diff^eri-tttuxi  Diagnosis  of  Strychmn-poisoning. — Strychnin 
tetanus  may  be  confuse<l  with  traumatic  tetanus,  spinal 
meningitis,  epilepsy,  or  hysteria.  Traumatic  Ufanus  is 
characterized  by  previous  malaise  and  slow  development 
The  convulsions  l)egin  in  the  jaw.  The  muscles  remain 
rigid  in  the  intermissions.  The  course  is  comparatively 
sluw.  Stryclinin  tetanus  may  also  begin  in  the  jaw,  but  not 
as  markedly.  In  rare  cases  of  strychnin  poisoning  the 
muscles  also  preserve  their  rigidity  during  the  interval,  so 
that  the  diagnosis  is  sometimes  impossible.  When  in 
doubt  strychnin  treatment  should  be  used,  as  it  is  bene- 
5ciaJ  in  all  similar  conditions.  The  course  of  the  case  will 
clear  up  the  diagnosis. 

In  spinal  tncningitis  the  diagnosis  may  be  made  by  the  fever 
and  history',  anil  signs  of  injur)'  to  the  vertebra:  can  generally 
be  discovered.  iipUi'psy  differs  by  the  loss  of  conscious- 
nes.<i :  the  reflexes  are  normal.  In  certain  cases  of  hysteria 
the  diagnosis  may  be  impossible.  Such  c;iscs  should  also  he 
treated  as  for  .str)-chnin. 

Toxicity  for  Different  Atiintals. — Snails  are  almost  immune. 
For  other  animals  the  .s<ale  runs  as  follows  (these  arc  the 
smallest  fatal  doses  in  milligrams  per  kilo  on  subcutaneous 
administratiun) : 

nivlhc.  Sollmann. 

RaUnU  0-5 

Man  >ik1  *V% 2.0 

MouM 2.4 

(Atinea-piK 4-S 

Fwk' 5.5 

Snue 23.0 

I        1  With  the  frog,  the  spasms  anprar  with  ut»c-»xth  the  fatal  {!<>$« ;  wilh  the 
Kutti(«t  th«y  only  trt  in  when  at  lra.si  95^4   of  thr  fnul  ck>.w  has  bren  given. 
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Children  are  comparatively  insusceptible,  whereas  it  is  a 
dangiTDiis  poison  tor  oli]  |>eopIe,  on  account  of  the  frequent 
existence  of  atheroma  or  fatty  heart,  leading  to  rupture 
through  the  increased  blond-pressure. 

Treatment  of  Strychnin  -  poisoning. — Oumk  and 
Emt'tic. — This  must  be  very  prompt  on  account  of  the  rapid 
absorption. 

Chifuic:  Here  pcrmanj^anate  of  potash  o^  iodin  form  the 
ideal  antidotes,  because  with  them  it  is  not  so  necessary  to 
evacuate  the  stomach.  In  the  absence  nf  these,  tannin  may 
be  given,  but.  if  possible,  coffee  or  tea  should  be  avoided, 
since  tiie  caflfcin  in  these  adds  to  the  stimulation  of  the  cen- 
tral nervous  system. 

lizuiiuation  of  tht  stomaih:  It  is  difficult  to  make  a  gen- 
eral statement  as  to  whether  an  emetic  or  the  stomach- 
pump  should  be  employed.  If  the  spasms  are  very  violent, 
they  certainly  should  not  be,  for  cither  will  suffice  to  start 
t]ie  si>asms.  an^l  emetics  arc  also  objectionable  because  of 
their  depressing;  effect.  So  that,  if  evacuation  is  considered 
advisable  the  tube  is  preferred,  also  because  it  is  so  much 
quicker.  With  this,  a  chcmic  antitlote  should,  of  course, 
be  added  to  the  wash-water.  It  is  doubtful  whether  either 
measure  is  very  useful  when  fatal  doses  ha\'e  been  taken, 
because,  by  the  time  the  physiri;in  can  arrive,  sufficient  of 
the  poison  is  probably  absorbed  to  render  evacuation  use- 
less. However,  if  the  convulsions  are  mild  at  this  time, 
these  measures  may  be  used  to  relieve  the  anxietj*  of  the 
patient,  if  nothing  more.  They  should  never  be  employed 
if  the  patient  strugj^jles  against  them. 

l*or  physioh^ic  irentmcnt.  the  most  useful  antidotes  are 
the  members  of  the  group  of  hydrocarbon  narcotics : 
chloral,  paraldehyd.  or  chloroform.  They  have  all  been 
advised.  Chloral  is  given  in  doses  of  2  Gm.  {%  drachm), 
with  the  addition  of  another  gram  (15  grains)  after  half  an 
hour  or  longer,  as  necessary.  There  is  always  the  danger 
in  giving  this,  that  its  paralytic  effects  may  coincide  with 
those  of  the  str)*chnin,  and  thu.s  increase  the  danger.  For 
this  reason  cUiorofornt  is  considered  the  best,  since  its  action 
can  be  very  largely  controlled.  Morphin  should  be  avoided, 
and  only  used  in  emergency.  Its  effect  upon  the  brain  is, 
of  course,  antidotal  to  the  strychnin,  but  this  is  of  little 
importince.  and  nn  the  other  liand,  it  is  likely  to  increase 
tile  reflex  excitability  of  tlie  spinal  cord  and  thus  add  its 
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effect  to  that  of  strychnin.  Its  depressing  action  on  the  re- 
spiration is  also  certainly  undesirable.  Nicotin  was  at  one 
time  recommended,  but  thorough  tests  have  shown  that  it 
is  useless,  as  might  well  be  predicted  from  its  action. 

Artificial  respiration,  as  well  as  the  inhalation  of  oxygen, 
should  be  begun  early,  since  this  has  been  proved  to  be  a 
most  efficient  treatment. 

It  is  claimed  as  a  result  of  animal  experiments  that  the 
application  of  external  heat  decreases  the  mortality. 

The  fatal  dose  is  stated  as  J^  to  i  5^  grains,  the  former 
being  the  smallest  fatal  quantity  recorded,  but  -^  grain  in  a 
woman  has  given  violent  results.  However,  even  4  grains 
have  been  recovered  from  in  cases  where  appropriate  treat- 
ment was  used. 

VII.  THERAPEUTICS. 

The  principal  effect  of  str}'chnin  is  upon  the  spinal  centers, 
and  this  is  made  use  of  in  various  ways : 

1.  General  Tonic. — Its  tonic  effect  may  be  explained  in 
two  ways.  First,  by  its  producing  an  increase  in  the  mus- 
cular tone.  This  increase  of  tone  produces  a  more  healthy 
feeling  in  the  patient.  Secondly,  its  effect  upon  the  alimen- 
tary canal  improves  the  appetite  and  digestion. 

Consequently  strychnin  as  a  tonic  should  be  given  in  the  fonn  of  the  prep- 
antions  of  nux  vomica,  the  tincture  being  especially  desirable.  It  is  used  in 
this  way  against  marasmus,  tuberculosis,  chronic  gastric  or  intestinal  catarrh, 
etc. 

2.  Paralytic  Disorders. — We  repeat  that  strychnin  only 
increases  the  excitability  of  existing  structures.  It  cannot, 
therefore,  be  of  any  use  in  organic  lesions  of  the  cord.  It 
may  be  of  use  in  functional  lowering  of  the  activity  of  the 
cord, — e.  g:,  lead-poisoning,  or  sometimes  in  diphtheritic 
paralysis.  It  is  especially  useful  in  nervous  lesions  above 
the  cord ; 

For,  by  stimulating  the  latter,  it  will  preserve  the  tone,  and,  consequently,  the 
nutrition  of  (he  muscles,  and  in  this  way  may  temporarily  prevent  their  atrophy 
while  the  higher  lesion  is  being  repaired.  For  this  purpose  it  will  give  the 
best  results  when  used  conjointly  with  massage  and  electricity.  In  some  way 
it  also  lessens  the  pain  in  older  paralyses. 

3.  Other  Reflex  Spinal  Centers. — The  lower  centers  of  the 
cord,  especially  the  sphincters  of  the  bladder  and  rectum, 
are  put  into  better  condition  by  strychnin,  and  it  is,  there- 
fore, useful  in  certain  forms  of  incontinence  of  the  feces  and 
urine. 
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Iticonlinciici;  of  Ok*  urine  may  iiIm>  be  due  to  overactioo  of  the  dclniaor 
oriui,  in  which  com:  oiropin  would  be  indicated. 

The  stimulatiui)  of  the  spinal  cord  also  explains  its  ejects 
in  imijotencu. 

4-  Tile  stimulating  efifect  of  strycIiDJn  upon  the  medullary 
centers  is  one  of  its  luo-st  useful  actions  ;  i\  g.,  in  shnck. 

Sh»ck  ttnJ  Ktlhpse  cause,  or  arc  caused  liy,  depression  of  (he  medullary 
centcni,  and  are  tharaclcrizcd  by  quiclccued  puls^;,  lowt-red  blood  pressure, 
slow  and  ^hnllow  res[)irntton,  /.  e.,  jMrnlvMS  of  the  va{;u<t,  vnsonioti>r,  uid 
respirntory  center*.  SmThnin  Miinulotos  precisely  Oiese  structures  ittul  is, 
ilKiL-fure,  an  idcul  IreaLaivnt.  We  may  Luimt  under  buch  cundilions  tht  fol- 
lowinj; :  traumatic  and  surgiral  shock,  jxiisoning  by  alcohol-narcntic-S  car- 
bolic acid  and  the  antipyrin  seiic*,  etc. 

CertJiiii  make  vettoms  alao  act  by  deiires&iun  uf  ihe  inedullaiy  centen  (see 
Chnp,  xvni),  and  str)-chnin  is  reported  tugive  good  re^tills  in  their  treatmenU^ 
This  is,  however,  uui  a  new  fact,  for  I'lenck  (ij^si  mcniiotis  tlui  it  is  luedt 
the  nali%'eb  of  Ceylon  fi>r  tliiit  puqiuse. 

Stiychnin  i^  not  *<n  useful  ngAin»t  depreiiuon  by  tnorph in -poi sotting,  for  the 
mine  reason  that  prohibits  morphiii  as  an  antidote  in  strychnin. 

Those  who  rry;ard  se^ -^icktle<>>  \\^  »  citllajiM.*  ciitidition,  have  alMi  employed 
it  here,  but  iu  benelits  ate  doubtful. 

5.  The  useful  efiect  o{  strychnin  in  acute  akokolic  poison- 
ing has  suggested  its  employment  in  the  chronic  fonn. 

Its  usefulness  here  will  vary  according  as  to  whether  there  is  increased  or 
diminiiihed  cxcilnbilily  of  ihc  cord,  cillu-r  of  which  may  rxi^I.  tn  (he  latter 
case  it  is  indicated,  both  on  account  of  the  greater  relaxation  of  the  muscles 
and  the  gastiitis.  In  the  former  ii  would  be  useful  oidy  as  oi]  appetizer,  as 
cfTrcl  which  may  lie  attained  cijually  well  by  simple  biltcrs  (sec  Chap.  XXX,  A) 
without  further  increasing  the  spinal  iirilability, 

6.  Its  effect  upon  the  z'asomotor  center  causes  it  to  be 
used  in  all  conditions  where  bad  effects  are  produced  by 
low  blood  pressure. 

We  have  already  referred  to  the  limitations  to  it>i  u*e  in  htarl  ditfaa  -when 
discussing  its  effects  upon  the  circukiiun. 

It  is  also  used  in  cases  where  the  nervous  mechanism  of 
the  circulation  is  locally  unbalanced;  c.  g..  hemicrania.  It 
is  possible  also  that  its  beneficial  effects  in  asthma  ma\'  be 
partly  accounted  for  in  this  manner.  It  is,  of  course,  indi- 
cated in  any  case  of  vasomofor  pamiysis. 

7.  Its  ver>'  pronounced  stimulation  of  the  r<'j/>/rrtA?/'r  f«f- 
/^r  indicates  its  use  in  all  cases  of  respiratory  failure,  whether 
by  direct  depression  or  by  fatigue  of  the  center.  When  death 
seems  imminent,  it  is  justifiable  to  push  the  str>'chnin  until 
twitching  of  the  finger-tips  occurs.     It  should  never   be 
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continued  beyond  this  stage,  for  the  danger  of  producing 
strychnin  paralysis  is  great. 

We  need  only  allude  to  the  use  of  strychnin  in  dhninishtd 
visual  activity.  It  undoubtedly  improves  this,  but  its  efiects 
are  only  temporarj'. 

A  duse  of  2  to  3  mg.  is  required  to  produce  this  effect.  The  action  may 
also  be  obtained  by  the  applicatiun  of  a  i  ^  solution  to  the  cornea. 

On  the  whole,  strychnin  must  be  looked  upon  only  as  a 
temporary  remedy.  It  must  be  remembered  tliat  it  does  not 
in  any  way  permanently  improve  the  condition  of  the  cen- 
tral nervous  system,  nor  does  it  increase  any  of  the  func- 
tions except  the  reflex  irritability.  It  is  doubtful  whether 
the  permanent  maintenance  of  this  artificially  raised  irrita- 
bility is  ever  of  benefit  But  that  its  temporary'  action  in 
bridging  over  the  time  required  fur  reparative  processes  is 
extremely  useful,  belongs  to  the  best  established  facts  of 
modem  therapeutics. 


VIII.  MATERIA  MEDICA.i 

Nux  Vomica. — The  seed  of  Sirychnos  Nux  Vomica,  Loganiaceae,  East 
Indies. 

Alkaloids  (2.55^  to  s<3g) :  Strychnin,  0.2%  to  0.6%. 
Bnicin,       0.5%  to  \.0%. 
Tannin,  fat,  gum. 
Dost :  0.03  to  0.3  Gm.  (  ^  to  5  grs.). 
Prtparaiiom  (all  mjscible  with  water  or  alcohol.     Made  with  three-quarter 
alcohol  and  acidulated)  : 
^^Tinetura  Nuns  Vomictr,  U.S.P.:  2%  extract  ^  0.3  J&  alkaloids. 

B.P.:  0.22^;^  alkaloids.     Dose:  0.3  to  1.2  c.c.  (5  to  20  n\,). 
Extracium  NuHs  Vomica  Fluidum^  U.S. P.:  1.5 Ji  alkaloids.     Dose: 

0.05  to  0.25  c.c.  (I  to  4  TtL). 
Extractwn  Nucis  Vomicir,  U.S.P.   andB.P. :   1$%  alkaloids.     Dose: 
0.01  to  0.06  Gm.  (^  to  I  gr. ). 


*  Ig^natiA. — The  seed  of  Strychnos  Ignatia,  Philippines. 

Strychnin,  0.5%  to  1.5;^. 

Brucin,       0.5%  to  1.4%. 

Tannin,  fat,  gum. 

Dose:  0.03  to  0.2  Gm.  ( >^  to  3  gis.). 

Preparaticms  (alcohol,  eight-ninths  ;  miscible  with  water  and  alcohol): 

*  Tinctura  Ignatitr,  U.S.P.,  '80:   \o%.     Dose:  0.3  to  1.5  c.c.  (5  to 

'  The  inost  important  preparations  are  marked  with  triple  asterisk  ^*^. 
Sin^  aaCerisk  =  not  official. 


1/6  CONVULSANT   SERIES.  CH.  VIII. 

Strychnin. — Alkaloid  derived  from  plants  of  the  family  Logantacese.     Veiy 

bitter  (i  ;  50,000). 
Alkaloid,  U.S.P.,  B.P.  :   Soluble  in  7000  water,  lio  alcohol. 
^*^  Sulphate,  U.S.V.,  B.P. :  Soluble  in  50  water,  no  alcohol.    Dose: 

I  loSmg.  (^to^gr.). 
Nitrate,  Soluble  in  00  water. 
Hydrochlorid,  B.P.  :  Soluble  in  50  water. 
Preparations  : 

Ferri  et  Strychrtime  Citras  (U.S. P.) :  \%  strychnin.     Dose :  0.06  to 

0.3  Gm.  (i  to  5  grs. ). 
Liquor  Stryehttini  Ilydrochloridi   (B.P.)  :   (ij^.)      Dose:  o.l   to  O  5 

c.c.  (2  to  8  n\,). 

Syrupus  Ferri,  Quinina  et  Stryehuirtie  Pkosphatum  {\J,^.V.): 
Dose  =  4  c.c.  =5)  :l^  quinin        o.  12  Gm. 
strychnin  0.8  mg. 
^*^  Elixir  Cinchoua,  Ferri  et  Sirychnina,  N.F. 

Dose  =  4  c.c.  1=  3j  =  Strychnin,  0.7  mg. 

Cinchona  alkaloids,  o,  I  Gm. 
Iron  phosphate,        O.I  Gm. 
All  other  elixirs  of  N.F.  containing  strychnin  have  the  same  proportion. 
*  Liquor  Sirychnime  Avetatis,  N.F.  (Hall's  solution):  0.2%    (adda- 
lated). 

Brucin. — Dose:  0.05  Gm.  (3^  gr.). 

(B)  CAFFEIN  GROUP. 

I.  MEMBERS. 

The  members  of  this  group  are  chemic  derivatives  of 
xanthin.  They  are  found  in  certain  plants,  and  occur  also 
as  waste  products  of  nictabohsm  in  muscles  and  other 
organs,  appearing  in  the  urine  and  feces.  The  principal 
ones  arc  : 

Ilyptixaiithiti,  CjHjX^O. 

f  Di-methvl-xanthin,  CH,(CH,),N^O,. 
Xanthin.  CjH.N.O,.  \  Methvl-xarilhin,  CjH,CHjN,0,. 

I  Tri-methyl-xanthin,  CaH(CHj),N,0,. 
UrtOiui«l.         C-,H,N,()j. 

AiUriiin,  CjMjN-,. 

Caatiii,  C\IIaN.,V\  (—  1I,,()  -O  Crcatinin.  CjH.N,0. 

The  nicthy!-x;tnthins  occur  in  i.'iomcric  form,  the  most 
important  compounds  being: 

Mdiionielhyl  xanthin  :     IleteroxniitliiTi  (human  urine). 

ITheolironiiii  (in  cacao). 
Theophylliii  (in  tea). 
Pamxaiithin  (in  human  urine). 
Tri-inflhylxamhin  :        Callciii  (tiicinj. 

These  bodies,  in  so  far  as  the\'  arc  formed  in  living  tissue 
by  retrograde  metamori^liosis  or  b)'  fermentative  changes, 

'The  most  imjxirlant  preparations  are  markf  <i  with  triple  asterisk  #*#. 
*Not  official. 
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Other  than  bacterial,  are  termed  leucomains.     They  are  also 
included  under  the  term  "  purin  bases." 

The  constitutional  formulas  will  serve  to  show  their  rela- 
tion : 

Xanthin.  Caffbin. 

(a)  HN— CH  CH,— N— CH 

II'  I      II 

CO  C-N-H  (<r)  CO  C— N— CH, 

M      >co  M   >° 

(*)  HN— C=N  CH,— N— C=N 

Umc  Acid.  Ukka.  Crbatinin. 

HN-CO  NH-.  CH,— N.CH,- 

I      I  y:o  I  \C=NH 

CO  C— NH.  NH/  CO— NH-—-"^ 

t     II  >co 

HN— C— NH/ 

As  far  as  soluble,  they  all  show  to  a  greater  or  less  extent  the  typical  caf- 
fein  actions,  especially  (hose  on  muscle  and  kidney.  This  group  has,  there- 
fore, a  physiologic  as  well  as  a  pharmacologic  importance,  since  it  tends  to  ex- 
plain the  phenomena  of  fatigue,  diuresis,  etc. 

The  therapeutically  most  important  members,  cafTein  and  theobromin,  are 
found  in  plants  of  at  least  six  families,  which  are  scattered  over  many  portions 
of  the  globe,  and  have  usually  been  discovered  and  consumed  by  the  natives. 
A  list  of  the  most  important  will  be  found  under  the  materia  medica  (p.  189). 


H.  SUMMARY  OF  ACTIONS. 

1.  Increase  of  the  reflex  irritability  of  the  central  nervous 
system  from  above  downward,  leading  to  a  stimulation  of 
the  psychic  area,  then  of  the  vasomotor  and  respiratory 
centers,  and  later  to  heightened  reflexes  and  tetanic  con- 
vulsions. In  large  doses  this  stimulation  is  followed  by 
paralysis. 

2.  Increased  ease  of  muscular  contraction,  leading  to 
loss  of  elasticity  and  to  rigor  (with  skeletal  and  cardiac 
muscles). 

3.  Direct  stimulation  of  the  renal  epithelium. 

III.  DETAILS  OF  ACTION. 

(A)  Central  Nerrous  System. —  I.  The  members  of  the 
series  lead  to  a  heightening  of  nervous  activity,  first  shown 
in  the  hisber  psychic  functions.  This  is  most  prominent 
with  caf!ein,  other  members  showing  a  more  conspicuous 
paralysis. 

There  is  a  clearer  and  quicker  flow  of  thought,  disap- 
pearance of  drowsiness,  more  sustained  intellectual  efibrt, 
12 
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more  efficient  appreciation  of  sensory  influences  of  all 
kinds,  especiiilly  in  fatigue,  and  more  perfect  association  of 
icieas.  ^ 

With  larger  doses  (0.5  to  1.5  Gm.)  this  passes  into  wake- 
fulness and  restlessness,  vertigo,  Iieadachc,  and  tinnitus 
aurium,  In  extremely  large  doses  this  may  pass  into  deli- 
rium, and  finally  coma. 

In  lower  mammals  the  cerebral  effect  is  shown  bjr  restlessncBS.  In  the  (tug 
there  lurc  no  KYmpiotus  referable  to  (he  braiji. 

2.  Medulla. — This  is  also  stimulated  by  caffein  in  a  manner 
similar  to  strichnin,  except  that  the  vagus  stimulation  is 
very  slight  as  compared  witli  that  of  the  vasomotor  and 
rcspiratorj'  centers. 

The  vasoniofor  sthnuiation  results  in  a  rise  of  blood  pres- 
sure (Fig.  A7,A). 

The  vaHoconslrictivn  is  shown  by  (he  (titninished  size  of  the  dtkahs  iind 
compnrativety  luw  venous  and  high  arleiial  pics^ure.  Tlmt  the  scat  of  the 
sttraulalion  is  rcntml  «'iin  Xw.  dnnotiMralrd  by  ihc  Tncl  that  caffrin  conrtriclinn 
is  verj-  largely  interfered  with  by  chloral,  which  panilytc*  the  vobomolorccnler. 
That  tbe  itsc  of  pressure  \s  not  due  to  an  ■ncrca'icd  cardiac  action  is  shown  by 
its  absence  in  prrjiaraliuns  of  the  i.solaled  inamnmlJari  heart.  Since  tl»e  rite 
occure  after  curare,  it  is  not  mu5cular. 

This  action  on  the  vasomotor  center  is  not  tieariy  so  great 
as  in  the  case  of  strychnin.  It  cannot  be  ])roduccd  nearly 
so  promptly,  and  the  doses  required  arc  so  large  that  they 
will  produce  other  impleasaiit  effects. 

Very  large  do.ses  produce  paralysis  of  the  vasomotor 
center,  and   consequently  a  fall   of  blood  pressure.     (Fig. 

The  vagus  center  is  ver>'  little  affected  (Fig.  47,  A 
and  B). 

Respiratory  Center. — ^The  effects  of  caffein  upon  the 
rcspiratorj'  center  resemble  those  of  strychnin,  there  being 
rst  quickening  and  tlicn  paralysis. 

3.  Spinal  Cord. —  ['he  effects  upon  the  spinal  cord  also 
^sembie  strjchnin,  except  that  they  are  verj'  much  smaller 

'nd  occur  only  with  relatively  large  doses.     There  i.s  the 
amc  increased  reflex  irritability,  then  tremors,  and  finally 

*  The»e  are  the  centers  first  parmlyred  by  alcohol  and  to  some  degree  by 
morphrn  and  cannabiv     CnBein  is  therefore,  an  L-Hictent  antidote  for  tbeae, 
and  especi-illy  alcohnt,  sinc^  the  medullary  mvA  spinal  effects  are  also  antago- 
nistic, wbrfpns  sir)-chiiia  ts  antiduta]  only  iji  its  toedullaty  action,  but  heightens 
>■  vtiool  eflecL. 
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tetanus.  This  tutanus  shows  the  same  intermittent  charac- 
ter as  lliat  of  strychnin,  and  also  involves  the  respiratory 
muscles  in  the  sanic  manner.  It  occurs  both  in  mammals 
and  frogs. 

There  is  a  difference  in  ibe  reaction  of  differeHt  specif s  0/ fri^t  to  caflEeio. 
The  cwulenla  is  thrown  into  ijjitcal  tctAtiu)>,  wbcreat  ihe  temporohi  goc&  pri- 
marilf  into  rigor.  The  tlisltntiion  is,  hnwevtrr,  qiianlitalive  mher  than  qiiali- 
taiive,  since  large  doses  will  cauM  primary  rigor  id  the  escutenla  also. 
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Fig.  47. — CaiTein  :  The  actioa  of  ihc  drug  begins  at  >;.  A  and  B, 
C^tmhI  pre««uTr,  dog :  A  aliowa  vaAomulor  stimulation,  B  paral]r«>i<i.  C  and  D, 
Catdii'nir'if^ni,  dug  ;  upstroke  -^  systole  :  C,  a,  normal  ;  d,  immedialely  afict 
caflcin — the  beats  arc  smaller,  the  rate  slightly  quickened,  systole  lengthened  ; 
/,  two  minuleA  after  coffeiu — the  force  it  increased  ;  d,  four  uiintite^  after  caffeio. 
/>,  6  c  c.  I  :  1000  caffeiii  inimvenou»iy  :  The  force  iit  increnwd,  diajilnlic  pause 
lesened ;  the  rale  and  blood  pressure  were  unchatiKe<l.  H,  Tracioe  (rotn 
fnw'a  heart ;  updrnke  =  syitolc  :  >i,  noniuil  ;  ^,  I  :  I0,000  caJfcin  ;  r,  I  :  lOOO 
caBeio ;  J,  mcceaaivc  tnuriiig*  with  i  :  loo  caffein.  /'.  Tracing  from  frog's 
niucle :  dotted  line  =  4 :  io,ocx)  caifein ;  solid  line  =  4  :  1000  caBein. 


tl  tests  Bpon  a  greater  tendency  to  rigor  existing  in  the  mu&cles  of  the  lem- 
poisfia,  for  llieac  ore  also  more  subject  to  uthrr  formii  of  rigor. 

C«flein  is,  therefore,  a  striking  illustration  of  the  dif^rent  eBects  which 
may  l»c  observed  on  the  inlnct  onimnl,  Mrttc  it  may  prixlucc  in  fnigs  death  in 
Ihrre  difirTenl  ways  aocurding  to  the  sticogth  and  manner  of  its  adminialia- 
liuai  The  fiog  may  die  without  nny  fj-mptom»,  through  total  collapw  from 
cardtic  patAlysM,  or  it  may  be  thn>nn  into  spusnis  thruugb  the  stimulation  of 
lh«  ipinw  cord,  or  it  may  be  oveitaken  by   rigor  through  the  action  on  the 
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The  tetanus,  like  that  of  strychnin,  is  located  in  the 
spinal  cord. 

This  tetanus  U  the  only  symptom  with  frogs.  The  dose  required  for  mmm- 
tSAls  is  conuderably  larger  llian  that  necessary  to  give  a  vasomotor,  cardiac,  or 
<Uuretic  eirect.  Whereas  for  the  latter  20  mg.  per  kilo  are  ainpk,  2t>  njg.  will 
only  cause  tremors,  and  convulsions  will  not  develop  until  80  mg.  have  been 
gi?en.  titUI  larger  doses  paratyic  the  heart  or  the  whole  central  nervous 
■7llem. 

Id  the  intact  frog  (he  paralysis  of  the  cord  is  obscured  by  the  rigor.  It 
can  be  demonstrated  by  ligating  a  leg  exclusive  of  the  nerve,  when  casein  vriJl 
destroy  its  reflesett,  although  the  niiiwles  are  still  excitable. 

(B)  The  Effect  oa  Skeletal  Muscles. — .Small  doses 
increase  the  excitability  of  the  muscles,  so  that  a  lesser 
stimulation  will  suffice  to  produce  a  contraction.  It  also 
increases  the  quickness  and  height  of  the  contraction  and 
the  maximum  load  wiiich  the  muscle  is  capable  of  lifting. 
Somewhat  larger  doses  have  the  opposite  effect  (i*ig.  47,  F). 
This  Is  shown  in  a  lengtliening  of  the  contraction  very  sim- 
ilar to  that  produced  by  fatigue  ;  i.  e.,  the  lengthening 
shows  at  first  in  the  relaxation,  later  in  the  contraction  as 
well.  The  other  phenomena  of  fatigue  arc  also  present: 
The  height  of  the  contraction  is  less,  the  maximal  load  is 
smaller,  and  the  muscle  is  e.vhausted  more  quickly  by 
tetanus  than  is  a  normal  muscle. 

The  contraction  then  becomes  smaller  and  smaller,  and 
the  muscle  gradually  passes  into  rigor. 

This  increfliie  and  diminntion  of  the  functions  hears  so  strfking  a  resem- 
blance to  the  pbeoomeaa  of  work  and  fatigue  as  in  suggest  a  cnnnrcdon 
between  the  two.  It  is  j>iM.)^hle,  although  nut  di?mon<itra(edl,  ihat  Eoligue  is 
partly  due  to  an  accnmulniiou  of  xnnthiu  products. 

The  n'j^i^r  resembles  that  of  rigor  mortis  in  all  respects  : 
The  mu.scle  is  hard,  opaque,  granular  on  microscopic  ex- 
amination, acid  to  litmus  paper,  etc. 

This  rigor  may  be  produced  in  living  animals  by  injection 
of  sufficiently  concentrated  solutions,  as  also  by  chloro- 
form and  a  few  other  substances. 

All  of  these  favor  the  clotting  of  muscle -extract.  It  will  ool  do,  however, 
to  accept  the  Iftller  as  (he  explanation  of  the  rigor,  for  Diaoy  other  substances 
produce  clotting  ot  the  extracts  with  even  greater  readinen,  but  do  not  produce 
the  rigor. 

The  effect  of  caflein  upon  smonth  muscles  needs  investigation. 

The  effect  upon  cardiac  muscle  is  essentially  the  same 
as  that  upon  skeletal  muscle. 
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The  heart  muscle  Is,  however,  soroenbat  more  resistant  than  the  skeletal, 
for  the  bout  of  ikc  frug  is  still  fouDd  beating  after  llie  utbct  niusclo  have 
gone  into  rigor. 

With  t!ie  frog's  heart  (Fig.  47.  £)  smali doses  increase  the 
absolute  strength  of  contraction  and  the  volume  of  blood 
thrown  out  in  a  given  time.  The  duration  of  tiie  systole  is 
increased  at  the  expense  of  the  diastole.  The  rate  is  some- 
what quickened,  but  this  is  soon  replaced  by  slowing.  The 
heart  becomes  jjcrmanently  more  and  more  contracted, 
finally  reaches  standstill,  generally  in  systole,  and  then  goes 
into  rigor.     The  standstill  is  sometimes  in  diastole. 

The  analogy  of  these  phenomena  to  those  of  skeletal 
muscles  is  most  apparent 

The  cTfcct  upon  the  Isolated  mammaiian  heart :  In  intact 
manmials,  tlie  most  conspicuous  symptom  on  the  part  of 
the  circulation  is  progressive  increase  of  the  pulse-rate, 
occurring  even  witli  small  doses,  and  increasing  furtlier 
with  each  additional  injection.  Since  this  occurs  in  a  heart 
excised  from  the  chest,  the  action  is  jjeripheral.  It  also 
occurs  alter  atrojMn,  and  cannot,  therefore,  be  due  to  any 
inhibition  of  the  vagus  mechanism.  It  must  be  cither 
muscular  or  accelerator  stimulation.  It  is  at  present  im- 
possible to  decide  definitely  between  these.  The  power  of 
the  muscle  as  shown  by  the  amplitude  of  the  excursion  and 
tlie  height  of  the  intracardiac  pressure  is  sometimes  dimin- 
ished, sometimes  increased  (Fig.  47,  t'and  D\  A  diminu- 
tion would  point  to  the  stimulation  of  the  accelerators  rather 
than  of  the  muscle-fibers. 

nobably  llie  latler  playi,  however,  some  rflle,  for  a  quickening  is  seen  in 
ihe  heart  of  the  embryonic  chick,  l>efon>  nerve-Abera  have  become  d.eveto{)ed. 

The  lessened  cflficiency  must  be  due  to  a  direct  effect  upon 
tlie  muscle-fibers.  It  is  probably  caused  by  a  diminished 
dasticit)',  since  it  can  be  removed  by  drugs  like  strophan- 
thus.  The  use  of  cafiein  for  stimulating  the  heart  is,  there- 
fore, irrational.  It  cannot  be  said  to  have  any  useful  action 
upon  the  circulation  except  that  which  may  be  obtained  in 
more  powerful  form  by  strychnin.  In  the  intact  animal  there 
is  usually  a  quickening,  and  with  larger  doses  a  slowing. 


The  detail*  which  are  seen  on  Uie  canliumyograra  arc  quite  variable. 
may  tic  : 

t.   Quickening,  with  relaiian  of  systole  and  diastole  unchanged. 

2.  Quickening,  with  systole  liHigei  than  diastole. 

3.  Qvickeninfi;.  with  systole  rcluiTcly  shorter. 

4.  Stowiog  of  tnth  [^iiasca. 


There 
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The  lar^r  doses  render  the  heart  irregular  and  produce 
in  mail  palpitation  ^m^  distress,  Death  occurs  through  car- 
diac paralysis  witli  diastolic  standstill.  It  may  take  place 
at  once,  and  with  practically  no  other  symptoms,  if  the  dose 
has-  been  very  large. 

The  irregularity  of  the  heart  leads  to  a  fall  of  blood  pres- 
sure, which  is  aided  by  the  vasomotor  paralysis  obtained 
in  this  sta^e  (Fig-  47,  ^)- 

(Cj  The  Effect  upon  Metabolism. — Caffcin  causes  a 
slight  risf  of  tauperaturc,  partly  hy  its  action  on  the  central 
nervous  system,  and  especially  by  its  direct  muscular  effects. 
In  consequence  of  this,  it  also  increases  the  metabolism — 
*.  ^..the  production  of  urea  and  CO...  The  older  statements 
that  it  lessens  nif't:iholi.sm  .ire  erroneous. 

(D)  The  Effect  upon  the  Kidneys. — Under  certain  con- 
ditions caffein,  and  csiKciall)'  the  other  members  of  the 
series,  may  cause  a  considerable  increase  in  the  secretion 
of  urine. 

Tliii  WAS  al  fmt  attributed  to  a  stimulation  uf  the  hcan  muscle,  similar  to 
digitaltB,  but,  as  lias  bcLTi  shown,  tbe  heart  »  rather  wvaktmcd.  Nur  U  jt  de- 
pendent upfii)  A  riw  of  bicxid  preiisure,  for  the  Ktimiilntion  of  the  rasooiotor 
center  by  calfein  also  causes  a  constTicuon  of  the  renal  vessels  which  always 
dimtnishes,  and  may  inhibit,  tlie  secretion  of  urine. 

The  effect  must,  therefore,  be  exerted  directly  upon  the 
kidney  ceils.  Unless  counteracted  by  its  effects  on  the  vaso- 
motor center,  thi.s  tends  to  produce  a  dilatation  uf  the  renal 
vessels.  The  diuresis  is  produced  by  doses  smaller  than 
those  required  for  any  other  effect,  and  since  it  is  interfered* 
with  by  vasomotor  constriction,  it  is  better  to  give  the  caf- 
fein in  ver)-  small  doses. 

Although  the  increase  in  walety  secretion  han  be«a  t>oted  for  b  lone  ttOKi 
the  changes  in  the  other  cnoiOituenis  have  been  very  Utile  rtudied.  7ne  only 
statement  in  regard  to  (his.  matter  i«,  that  tlie  excretion  of  alkalies,  and  espe- 
cially' sodium,  ii  increased  even  uul  of  proporlioo  to  the  diure»i&. 

Caffein,  so  far  as  known,  has  no  effect  on  other  gland 
cells,  nor  upon  muscle-nenfe  endings,  nor  upon  ganglia. 

Cofiein  cau»e«  a  ]>eculiar  vocuoliutlion  and  condensation  in  the  protoptlasm 
of  the  aaieba  and  other  infutxina,  due  prolMhIy  lu  its  hatic  nature. 


IV.    ABSORPTION,  KATE,   EXCRKTION. 

Caffein  is  rapidly  absorbed.  In  its  passage  through  the 
body  it  undergoes  changes,  only  a  small  part  being  excreted 
unaltered. 


PATE   OF  CAFFEIN. 
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Tbe  dunge  cooailU  largely  in  the  lots  of  tncltiyl  groups,  the  cAfiein  (tri- 
tncthjrl-unthiQ)  being  convened  into  di-  and  mono -methyl  xniiihins.  Only 
30^  lo  40%  uc  excreted  hi  llila  way.  On  •ccuuiit  ol  the  atmilar  cowpustliuo 
mm  mMit  be  tempted  to  suppt)»«  ihut  the  reitt  of  ihe  coflein  in  converted  into  uric 
acid.  This  ii^  howcrer,  not  ihp  cmt,  the  oxidntion  being  more  conipleie  And 
pn;>bBb)y  n:ai:liiii^  urva.  Of  the  Other  members  of  the  series,  Iheohrumiii  suf- 
fm  a  similar  fate,  but  a  larger  )>ercenlage  is  excreted  unchanged.  The  greater 
part  leave«^  as  hereroxanthin.  ifypaxanCbin  and  zanlhin  are  excreted  largely 
as  utic  ncid. 


V.  DIFFERENCES  hV  THE  MEMBERS  OF  THE  GROUP. 

Of  these.  cafTein  has  the  strongest  stimulating  effects  upon 
the  central  nervous  system.  With  thcobromin  ttiis  is  very 
5m;U).  (Caffcin  shotild,  therefore,  be  tased  for  stimulation  ) 
The  ertects  upon  the  sktlelnl  and  carditu  musdts  arc  quali- 
tatively identical  with  all  the  members. 

With  reference  to  their  action,  a  scries  niAv  W  formed  running ;  Snrcin, 
caffein,  tbeobrumii),  and  xanltiin,  tlie  funncr  with  ibe  lonximiiin  stimulating 
rihct  upon  the  centra)  nervous  system  and  with  the  leaM  rigor  cfTecl  apon  the 
onucles ;  tfa«  latter  with  the  greatest  ticima  on  the  muscles  and  with  the  ntaxi> 
mal  paralyriog  effect  upjn  the  centru!  nervous  system. 

With  regard  to  the  diuretic  action,  the  various  di-mcthyl- 
xanthins  are  the  strongest. 

Of  these,  theofaromin,  nlUiough  the  most  extensively  used,  and  greatly 
supenor  to  caflein,  is  itill  the  wcsiikcsl,  pnraxantbin  and  Cheophyllin  l*eing 
Badi  stronger      Xonthin  hn«  only  a  very  weaV  diuretic  action. 

Uric  Acid  shows  itself  absolutely  inactive.  The  painful 
inflammation  which  it  causes  when  introduced  into  joints  in 
the  solid  form  {through  lij;;ation  of  the  ureters  or  injection 
into  birds,  or  spontaneously  in  gout)  is  purely  mechanical. 
It  would  seem,  however,  tliat  the  presence  of  a  large 
amount  of  uric  acid  causes  a  tissue- necrosis,  and  that  this 
furbishes  the  condition  for  its  crystallization. 

The  action  of  the  other  members  of  the  scries,  the  meal  baws,  and  e*(»e- 
oaJly  creatin  and  creaiinin,  upon  muscle  deserves  much  more  thorough  investi- 
ntionthan  it  ha»  thus  far  received.  (^rge<iose$of  creaUo  atid  creatinin cause 
beadacbe,  Derrousitess,  and  slowing  of  the  heart. 


VI.  TOXICOLOGY. 

The  toxicology  of  caffein  is  unimportant.  "Wi^  S}'mpt&tns 
produced  by  large,  but  not  fatal,  doses  have  been  suf- 
ficiently discussed  ;  those  arising  from  the  centra/  ttcn-ous 
system  are;  excitement,  increased  reflex irritabilit>',  tremors, 
etc.  These  predominate,  and  arc  associated  with  palpitation 
and  quickened,  irregular  pulse. 
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Fatal  dpses — very  rare  in  man — show  tetanus,  coma,  and 
death,  usually  by  jwralysis  of  the  heart.  There  are  no  post- 
mortem lesions. 

The  treatment  would  consist  in  evacuation,  and  bromids 
or  other  narcotics.  The  usual  cheniic  antidotes  are  of  Utile 
value,  with  the  exception  of  permanganate. 


VII.  THERAPEUTICS. 

(^1  Tfit  Efftftt  ufoH  Ikc  Spinal  Centft-t. — Thc»:  are  not  much  utilized,  since 
the  same  efTecB  are  oDtoined  by  strychnin  in  a  belter  and  purer  form.  Strj-clmin 
ftvoitb  especially  (he  action  upon  (he  brain  (walcefiilne&s)  and  heart  (p«lpiu- 
tion). 

[fl)  The  F,0'i(t  up%>H  ikf  AftduNary  Oi/^n.^Here,  also,  slr^-chntn  is  pre- 
ferred iiL  tilino&t  all  cases  wheie  i(  is  at  hand,  for  doses  of  calfcin  Large  enough 
to  affect  the  meditUa  are  apt  to  have  the  above  side^cflccts. 

In  casc3  of  narcotic  poisoning,  where  strjxhnin  is  often 
not  at  hand,  and  especially  in  morphin  and  alcohol  poison- 
ing, where  it  is  wished  to  stimulate  the  brain  as  well,  this 
drug  is  very  useful.  Caflfein  forms  a  useful  addition  to  drugs, 
such  as  the  antipyrin  scries,  in  which  depression  of  the  cen- 
tral nervous  sy.stcm  is  an  undesircd  side-action. 

It  may  also  be  of  great  ser\ice  in  certain  cases  of  asthma. 

The  use  of  cafiein  \v\migraine  is  entirely  empirical,  since 
the  nature  of  this  disease  is  not  kimwn.  It  is  undoubtedly 
useful,  especially  in  tlie  combination  known  as  niigrainin.* 
It  is  also  used  in  trigeminal  neuralgia,  and  often  gives  relief. 
It  is  possible  that  these  actions  are  due  to  the  effect  on 
the  higher  centers.  Caflciii  may  be  similarly  useful  in 
ncmous  dyspepsias. 

{C')  Its  effects  on  the  brain  are  the  most  important,  but 
can  be  better  discussed  under  its  habitual  use. 

(/?)  Effect  upon  the  Kidneys. — On  accuunt  of  the  antag- 
onism in  the  action  on  the  vasomotor  center  and  renal  epi- 
thelium, tlic  effect  upon  the  urine  is  somewhat  \ariable.  As 
has  been  said,  the  smallest  effective  dose  should  be  used, 
preferably  combined  with  chloral  or  paraldehyd.  Theo- 
bromin  or  diuretin  (theobromin-sodium  salicylate)  is  much 
superior  to  caffein.  The  use  of  these  drugs  would  be  espe- 
cially indicated  when  there  is  a  diminution  of  the  urine  with- 
out inflammation  of  the  kidney ;  e.  g.,  in  ascites  from  heart 
disease.  It  would  in  this  case  be  usefully  joined  with  digi- 
talis. 

1  Cafiein,  9  ;  antipyrio,  85  ;  dtrk  acid,  6.  Used  io  doses  of  kboat  a6  GtA. 
(10  £nuns). 
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{S)  Effff*  ufivn  thf  ilfari. — OifTein  hiui  be«n  used  considerably  in  lieut 
diMue,  «»(>«ci*lly  in  stenosis  kud  nutral  iosult'ictency.  Neitlierc]iDicaJob»er- 
'vaiion  nor  phannacolojTic  ezperitnenU  have  assigned  lo  it  so  protninent  a  place 
mi  to  digruiis,  and  it  may  well  be  discontinued  for  this  piirpoK. 


VIII.  CAKFEIN  BEVERAGES." 

Before  proceeding  to  the  study  of  the  habitual  use  of 
caffein,  it  will  be  well  to  consider  the  effects  of  other  con- 
stituents found  in  these  beverages.  The  principal  of  these 
is  tannin.  This  is  extracted  rather  slowly  by  water,  and 
will,  therefore,  be  found  in  the  greatest  amount  when  the 
boiling  has  been  prolonged  for  some  time.  It  is  mainly 
responsible  for  the  bitter  taste.  It  intci-fcrcs  with  digestion 
and  absorption.  It  is  the  tannin,  contained  especially  in 
strong  tea,  which  causes  tliis  to  be  used  as  an  antidote  in 
alkaloidal  poisoning. 

Besides  tannin,  coffee  contains  empyrettmatic  products 
(caffeol)  developed  during  the  roasting.  These  have  a 
stimulating  effect  upon  the  centnil  nervous  system,  both 
direct  and  reflex,  but  no  action  upon  muscles.  They  deter- 
mine the  diflerence  in  the  action  of  un  roasted  and  roasted 
coffee.  A  similar  action  exists  in  the  case  of  tea.  through 
the  presence  of  essential  oils,  especially  in  the  green  teas, 
the  same  differences  existing  between  green  and  bbck  tea 
as  between  roasted  and  unroasted  coffee. 

The  caffcin-frec  ili^liilatc  fiom  inftuiuns  uf  tea  or  nwitcil  ciiffcc  causes  an 
tDCrcaac  in  rale  of  rci^iration,  and  a  psychic  at»d  tnuK-ular  restlessness.  The 
polfec  u  not  altered. 

The  principal  benefit  derived  from  these  beverages  is  a 
diminution  of  fatigue,  mental  and  muscular.  The  action  on 
mental  fatigue  is  accoimted  for  by  the  stimulation  of  the 
psychic  areas,  an  action  greatly  cnlianced  by  the  volatile 
by-products.  For  this  piirpo.se  one  should,  therefore,  em- 
ploy well-roasted  coffee  or  green  tea  with  short  infusion. 
These  would  also  be  especially  active  in  producing  wake- 
fulness. 

The  effect  upon  the  imtscular  fatigue  may  be  explained 
both  by  easier  transniissiun  of  reflexes  (a  given  stimulus 
reaching  the  muscle  more  rvadily)  and  by  increased  con- 
tractiliCy  and  excitability  of  the  muscle-fibers  themselves. 

I  The  OK  of  coffee  arose  in  Arabia  and  Ej^l  about  1450.  Coffee  and  lea 
•ere  intmdof*'d  into  Kunpe  about  tlic  lajit  quarter  of  the  seyenteenth  century, 
a  period  which  wa&  choraclerixed  by  the  cnmmoti  intrndticiion  of  niaoy  new 
pfodacut,  ancb  as  the  potato,  ciochona,  [ob«cco.  and  chocolate. 


l86 


CONVULSANT   SERIES. 


CH.  VIII. 


Tbia  tctton  liu  be«n  demouttnted  beyond  >  doubt ;  t.  g.,  floldten  can  en- 
dure more  wetre  marches  wh*n  given  tofiee.  ll  c«n  nlso  be  dcinonslrnled 
wilh  (he  ergf^raph.  It  wiH  occur  only  if  the  amnuni  of  energ)'- yielding  sub- 
stance  in  (lie  niu;w:lr  has  noi  bren  exhausted,  antl  will  not  have  any  effect  ftfrer 
fasting.     Siignr  n  (hen  Itie  numt  efTicienl  rnenns  for  the  iclicf  of  fatigue 

The  action  does  not  seem  to  be  followed  by  any  extra 
depression.  Since  it  is  caused  by  tlie  ciiffein  itself,  it  can  be 
secured  most  easily  by  unroaatcd  coffee  or  black  tea.  In  all 
these  cases  the  reflex  stimulating  effect  of  the  hot  water  un- 
doubtedly pla)'s  a  role. 

CoflTce  is  sometimes  used  against  httugcr.  It  acts  only 
by  covering  up  the  condition  through  the  exhilaration 
which  it  produces,  and  caniv:it  be  of  any  real  benefit.  On 
tiie  contrary,  the  metabolism  is  increased. 

The  habitual  tisc  of  itiffiin  dci'traj^fs  depends  upon  the 
pleasant  sensations  which  accompany  the  stimulation.  Caf- 
iein  in  moderate  doses  does  not  seem  to  beeome  noxious  with 
ftabitiiai  use.  When  tlie  amount  taken  is  too  large,  it  pre- 
sents the  same  .symptoms  in  pcrsi.stent  form  which  arc  seen 
in  acute  poisoning;  tremors,  nervou-^ness,  palpitation,  etc. 
The  mind  also  seems  to  suffer,  and  ehronic  melaticholia  is  a 
frequent  phenomenon. 

The  effects  of  the  continued  action  of  tJu:  tannin  are  per- 
haps even  more  deleterious  than  those  of  the  caffcin.  They 
may  cause  very  serious  inteiference  ivith  digestion,  and  pro- 
duce a  tendency  to  constipation.  Small  amounts  of  coffee 
seem  to  have  a  somewhat  laxative  action.  The  tannin  is, 
of  course,  most  injurious  when  the  amount  of  the  beverage 
consumed  is  excessive.  Tea  is  therefore  generally  the  more 
injurious  in  dyspepsia,  yet  sometimes  coflfee  does  more 
harm  through  its  nervous  action. 

Cocoa  and  chocolate  are  also  used  as  mild  stimulants, 
their  effects  being  less  pronounced  tlian  with  the  others. 
On  account  of  the  large  amount  of  fatt>'  matter  which  they 
contain,  they  are  to  some  extent  nutritious,  although  this 
fat  is  not  very  digestible. 

These  beverages  are  also  used  to  cover  up  the  taste  of 
medicines;  e.g.,  iron,  quinin,  bitter  substances,  castor  oil, 
cod-liver  oil,  etc. 
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!X.     BEEF-TEAS  AXU  S1MIIj\R  rREPARATIONS. 

The  therapeutic  effects  of  bcef-tcas,  soups,  meat-extracts, 
etc.,  may  be  considered  in  this  place.  It  is  scared)'  neces- 
sary to  mention   tliat  these   iiave   practically   no   nutritive 


r-SCTRACTS. 


value.  Their  effects  are  only  those  q{  stimulants,  being  due 
to  the  leucomain -substances  of  the  meat;  /.  *'..  substances 
belonging  to  the  caffein  series  and  acting  mostly  upon  tlie 
central  nervous  system  ancl  muscle,  ilcrc  belong  :  xanthin, 
hypoxantiiin,  carnin,  sarcin,  creatin  and  crtatinin,  and  others. 
All  these  leave  the  body  practically  unchanged ;  (.  ^.,  do  not 
yield  energy'  and  arc  not  therefore  food. 

Tt)c-»«  Ivucomains  result  Inr^cly  from  the  decompositioQ  of  uuclcixis. 
Three  cl«^i«s  may  be  tiu<lc  out : 

I.  Xanthic  ;  precipitated  by  heftt  in  uid  solution  in  the  presence  of  coj^r 
acetate  ;  also  by  ftilvrr  nitrate. 

3.    Creadnic  ;  not  prccipilalcd  by  the  above,  ImiI  by  ZiiCI,  ur  CdO,. 

3-   Ncurinic ;  not  predpiute*!  by  any  of  the  above. 

Although  tlie  main  stiniulating  action  of  these  prepara- 
tions must  be  attributed  to  these  leucomains.  there  is,  in 
addition,  an  auxiliary  action  of  volatile  products,  just  as  in 
coffee  and  tea.  ^ 

These  fumt^ili  tlic  explanation  of  all  the  ob^rrvrd  cffe<rls.  F.ven  ihr  thronr 
lh*l  bouillon  iiicrcaaes  the  digcstibjlilj-  of  vegetable  proleids  has  been  proved 
efTODeous. 

In  addition  to  the  above,  beef-tea  and  S()Ui>s  favor,  through 
dilution,  tile  absoqjtion  of  substances  which  do  not  need 
digestion.  They  also  favor  the  secretion  of  gastric  juice, 
and  this  action  probably  outlasts  the  dilution.  Soups  do 
have  a  certain  amount  of  nutritive  value  on  account  of  their 
gcbtin.  This,  though  not  capable  of  being  utilized  for  the 
construction  of  tissue,  is  capable  of  largely  replacing  it  in 
metabolism,  and  thus  the  effect  is  the  same. 

If  it  is  really  desired  to  nourish  the  patient  with  nitrogen, 
one  must  ha^c  recourse  to  other  means.  The  usual  object 
is  to  introduce  a  fair  amount  of  nitrogenous  food  with  tlie 
miniinum  tax  on  the  digestive  organs.  This  may  often  be 
done  by  proper  selection  of  the  diet  When  this  does  not 
sufBce,  one  should  have  recourse  to  partly  predigestcd 
foods,     (Sec  also  Chap.  XXXII.) 

1.  Bet/juifti  :  tiMue  fluid,  expreswdfrnm  mcnt  withonl  hrat.  Thrirndvan* 
iMge  hn  Hinply  in  tbe  mechintcal  removal  of  the  fibers.  Theyconiain  6^  to 
1X%  of  coagulable  proleid,  and  theoretically  at  leiut.  it  is  difficult  la  mc  in 
what  iray  rory  would  be  Ktiperior  lo  raw  eggs  mixed  with  brcf-tm,  which 
w«ild  be  very  much  cheaper.     Perhsps  they  ure  more  digestible. 

2.  Bet/-tea  madt  u-itA  >iiluU  JiCi  (0.2^  lo  0.^% )  inMeud  of  water.     It 

<  Tlie  potaseium  sa)L«  have  also  been  invoked  to  explain  the  action,  it  being 
cbfaned  that  they  !>timulNlc  Ihe  heart  in  m'^ierale  dose»aud  panilyze  it  in  l«rf;e 
doaca.  But  the  do<.e  re<|uired  lo  produce  lite  former  etfe<:l  is  very  much  larger 
ihtD  woold  be  adouaittered  io  beef  lea. 
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wcKild  seem  on  theoretic  grounds  that  this  cuuld  be  inade  quite  aulntious, 
•Ithough  tJiere  are  few  clinical  dota.     Alkiili  ■lbuminat«dernnge  the  stomach. 

3,  Commereiai prpione^  ptptomtfd  milk,  etc.  Very  eonrenirated  prcpara- 
tiutiiiof  peptones  have  a  disagreeable  taste,  especially  if  the  digeslioii  baa  not 
becD  thoroughly  aseptic.  The  ta«lc,  however,  can  l>e  di*gui*-ed  by  aruficial 
means.  It  has  tieen  shown,  both  on  man  and  dogs,  that  all  the  nitrogen  required 
by  the  body  may  be  given  as  '*  peptones  " — i.  f.,  albiimoMr^ — without  derang- 
ing the  digestion,  but  it  has  wA  yet  been  experimentallydemonstnted  that  this 
is  any  better  than  meaL 

'\\iK  liquid prtparalions  cfptptant  found  on  the  tuarkct  usually  cfxilain  Ie!>s 
thin  0.5^  of  Ditrogeo ;  le»s,  therefore,  than  milk,  and  only  about  three  times 
as  mucli  OS  beef-tea.  To  get  the  minimum  of  nitrogen  lequircd  (13  Gbl) 
would  lalie  three  liters  of  such  preparations  whereai»  they  are  given  in  doses 
of,  at  mosi.  itx)  c.c.  per  diem.  The  benefit  derived  from  them  must  be  attrib- 
ute<l  particularly  to  tlie  alcohol  or  other  stimulating  substanixs  contained 
tlien'iit. 

BomUoH. — One  kilo  of  medium  lean  beef  gives  2.5  L.  bouillon  of  ibe  fbl* 
lowing  cumpusitiua  (Gauticr); 


Pbr   L|TI£X. 

Albuminoids 7-5    i 

Creatin  Bases 0,9 

Xanthin a  25 

Taurin,  etc. ,0.12 

Inofiite  and  Glyct^en       ....  1.40 

Lactic  acid o  20 

Extmclives 4.60 


Soluble  mineral  salli      .    .    ,'  .    3.76 
Insoluble  minenl  salts       .    ,    .    0.3S 


Gelatin  ....  1.7a 
Albumose  .  .  .  a^S 
Ptpione    ....  5.30 


FeHPO,  .  .  .  .0.0J 
OaltPtJ,  .   .   .    .aii 

Ha      0.71 

NaQ 0.15 

K,sa  .  .  .  .a35 
K-KPO,  ....  2.60 
MgHPO^      ...  0.23 


19.11 


X.  TOXIC  ACTION  OF  URINE. 

The  same  extractives  or  leucomAim  which  are  contained  in  meal-extracts 
or  muscle  are  also  found  in  urine.  The  toxic  action  which  urine  possesses 
vhen  injected  lutraveuously  hcis  been  variously  atlributed  lo  the^e  leucomains, 
to  toxins,  etc.,  and  at  one  time  even  to  the  ureo.  Various  brilliant  theories 
and  methods  of  diagnoiiis  were  bnilt  upon  the  vnriolians  in  this  toxiciry.  It 
has,  however,  been  ^hown  that  about  85  %  of  the  toxicity  of  the  urine  is  due 
simply  lo  its  potassium  salts.  The  symptoms  are  also  precisely  those  of  the 
latter.  ^\'hA^  causes  the  other  15  %  of  the  toxicity  is  at  the  pre.ient  not  known, 
but  this  may  be  connected  with  xsuthiti  products.  Since  the  quantity  of  the  latter 
is  determined  quite  as  mudi  by  the  xuiithin-bodies  taken  by  thefowas  by  those 
fonned  in  the  body,  thi.^  docs  not  make  the  method  any  more  valuable,  llie 
above  refers,  of  course,  only  to  normal  urine.  It  is  possible,  and  indeed  likely, 
that  poisons  are  excreted  through  it  in  disease,  but  one  cannot  sufficiently 
oversee  the  factors  at  the  present  lime  to  utilize  them. 
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•ffea.— CV*v.— S«edofr^«v*rrt*/f<i,  Rubiftocfc.*  Nattvcof  Arabia 
and  Aby:a>Dia,  cultivated  in  all  tropica]  countries. 
Caffein,  I  to  l-3J(  ;  lAnaia. 
The  leaves  dio  contain  caflein,  and  are  used  by  the  nativci  in  the  same 
■nanncr  as  lea. 

In  the  pcoceaa  of  masting,  a  very  nna]]  atiiount  of  cafTcin  ii  lost  (depcnd- 
inf  upon  the  dc^e  of  heai  used),  and  empyreunuitic  oils  ^"cafTeon ''),  of 
tuUtnown  compoiltioD,  are  produced. 

An  ordiiwry  cup  of  coffee  contains  o.  I  to  0.3  Gnu  of  caffein. 

•  flm4  txtract  ef  grttn  &r  rooiftd,  N.F. 
,%5cnir/«t  Ctpa,  N.F. 

,•#  Thea. —  Tea. — Lcavrx  of   CamtUta   T%ea,  Tcni»trtrmi«c«c.      South- 
casiern  Asia,  cultivated,     (Also  capable  of  ciiltivauon  in  the  United  Suites.) 
CafTeiu,  1. 5  to  4%  ;   volaiile  oil ;  tunuin,  1 1  to  24^. 

Ao  ordinary  cup  of  tea  contains  O.I  to  0.2  Gin.  cnfTcin. 

Th«  black  and  green  leas  difler  only  in  the  treatmeot  to  wbtch  the  leaves 
ate  mbjcctcd  to  fcimeutation  with  tlie  black  variety). 

•  Sitractum  T.  JlMtdum^  N.  V\ 
*Kola. — OhAy.— Seed  of  CV<7  (i<-Mwmo/d,  Sterculiaccx.     Tropical  western 

'  ASnok  and  cultivated  in  West  Indies. 

Caffeiu,  2  %  ;  a  little  Ibcobromin  romied  from  glucosid  in  drying  ; 
volatile  ojt ;  tannin. 
Ofteo  roasted.     Used  by  the  natives  as  masticAtory  and  to  render  bad  water 
palatable.     Valued  so  highly  as  to  be  used  as  tnuuey. 

•  FJuiJ  Extra.-t,  N.F. 

Guarana, — Gu'i»iua  (Brasilian  Cocoa). — A  dried  paste,  prepared  by  the 
Indians,  consisting  chicHy  of  the  roasted  and  pounded  seeds  of  Patttlmia- 
mfunat  Sapindaccic,  northern  and  western  Braul. 

Catkin,  4  toC^  ;  tannin,  gums,  resin,  volatile  oil. 

Sxtnutum  Guaran,r  f'Inufum. — Alcohol,  three  Fourths.  Misciblc  with 
water  arid  alcc^ol.     Dose :  I  to  4  c.c  ( ^^  to  I  <lnichm). 

•  Mati. — Paraguay  Tea. — Tbc  leaves  of  flex  faraguayeiuis^  IliciDCJC, 
Bnuil  aod  Argentine. 

The  oommeTcial  leaver  are  slightly  torrefied. 

Coffcin,  0.2  lu  1.6^  ;  tonmn,  to  to  16%  ;  little  volatile  oil 
Ui«d  10  making  a  bevcnge. 

Other  species  <h  Ilex  probably  also  contain  caSein,  and  some  of  those  grow- 
ing  in  l^ic  Southern  Stales  ate  used  as  Apicke  tea. 

Theobroma. — Caeao  (not  to  be  confuted  with  Coca]). — The  fennented, 
dned.  and  often  roasted,  seeds  of  Tkeobrama  Cacao,  StercuUaccK.  Tropical 
America,  cultivated. 

Theobromin,  1. 5  to  4.$%  :  trace  caflein;  fat,  50%  ;  starch, 
10^  ;  unnin. 
llw  theobromin  does  out  exist  in  tlic  fre^h  seed,  but  is  derived  from  a 
'  gjlBcoaid  during  tbc  process  of  prepumlion.  In  the  powdered  cacaos  of  corn- 
tree,  pan  of  the  oil  has  been  removed,  so  thai  only  about  35^  renxains. 
Ck4H»latr  consists  of  melted  cacao  and  sugar  In  various  proportion*,  ofieo 
^  «iih  the  addition  of  Savors  or  iMarch. 

CafTeina,  U.S.P.,  B.P.— Tri-methylxantbin,  prepared  from  any  of  the 

*  The  some  otder  yields  cinchona,  catechu,  and  ipecac 
Triple  stterisJt  ^  most  important  preparations. 
Single  asteriak  -^  not  official. 

U.S.P.  =  official  in  United  Stales— B. P.,  in  British  Pharmacop«ia ;  N.F. 
:  Natkma]  Formulary. 
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ftbove  piikiiU.     The  free  bo&e  is  soluble  iu  So  wUer  ;  33  atcolu^.     Dost:  o.  15 
to  0.5  Gm,  (2  to  8  grs.). 
Preparations  : 

^*f,  C.  Citrata,  U.S.P.  (Cafleinie  Cilras.  B.P.}  (nuc  ■  tnte  salt,  but  a  mix- 
ture).— Soluble  in  3  water.     Dine  ;  o.  15  tn  0.5  Gta.  (2  to  8  grs. }. 

,*»  C  Citrata  Efenvscmt,  U.S.P.,  B.P.  =  lo$(  of  caffein.  Dost:  4  to 
15  Gm.  (I  to  4  dracbtns). 

*  C.  Sodio^imzihii,  N.F.  1  _-*«•■  I   Li    • 

*  C  S.ai.-saluylJ.,  N.F.  }  =  5«J«  "ffcui ;  «^ublc  ,n  a  port*  water. 

^*^Eiixir  Caffeina^  N.F, — 1.75^.  4  cc  (I  drachm)  ^  0.06  Gm. 
caffein  (acidulntcil). 

,\  TheobromtnaB  sodio-saOcylas  {Dittrttin's  =  50%  of  thcobToroin. 
Soluble  in  ^^  part  water.       Dose:   I.5  to  3  Gm.  (20  to  45  gn.). 

(This  preparation  should  be  kept  air-dght,  since  CO,  retidcn  il  insoluble 
in  time.) 

BEEF  PREPARATIONS. 

*  Extractum  Camis  ZiV^^.— Beef-extncU— Ad  evaponted  decoctioa  of 
meat 

Cvmpotition  ef  Uehijfs  Extract , 

Prr  Cent.     (GAirriui.) 

Water .15.26 

Coagulable  proleids  .    .    .    o.oO 

S±»e::;::::  *:«  Au,u„i„oid, . . . .  36.„ 

Peptone         26.07  J 

Crcaiiii  bases 8. 30 

Xantbin  bases 0.89 

Inosjte  and  gUxogen    .    .     3.20104.35 
Extnuitive  niallrr      .    ,    ,  II. 98 
Soluble  miiicrai  salts    .    .  31.26 
InM)lub1c  mineral  »alts     .     1. 13 
Any  other  similar  ptcparation  of  meat-extract  may  be  used  instead. 


*  F7fiwiw  Camis,  N.  F. —  IVine  cf  Beef:  ^■$%  Liebig'a  extract  in  sherry 
wine. 

j,%  Vimum  Camis  et  Ftrri,  N.  F. — Bet/t  Jrim,  ami  U'tHt:  The  preceding 
with  K  Jfc  of  iron  chlori'L 


5^, 


iMHM  Carnis,  h'trri  tt  Cinthon^,  H.  ¥.,  contuns,  la  addition,  0.3% 


diKhotui  alkaloids, 


(CI  PICROTOXIN  GROUP. 

Thil  comprises  a  number  nf  bodies  rinvly  related  by  their  pharroacologt^ 
utioii,  and  probably  al^  by  their  chemic  composition.  Of  tbe  tatter  little  !■ 
known.  Thry  belong  to  a  gmup  of  iion-alkalnKlal,  nnn- nitrogenous  ve(>etab1e 
<nibslance<i,  more  soluble  in  alcnhnl  (h«n  in  water,  sometimes  called  "active 
resinoids  ' '  Some  of  ihcm  are  glucosids^  The  group  has  at  present  very  little 
therapeutic  but  some  toxicologic  interest. 

Triple  asterisk  —:  most  Important  preparations. 
Single  a!>lertsk  ^  not  official. 

t'.S.P.  =  official  in  Um'ied  States— B.P.,  in  British  Fharmacopoeia ;  N.F. 
ts  Natiooal  Fonnalary, 
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rotoxin.  from  Cocculus  indicus. 
Splits  easily  into  Picrotoxinin — same  action. 
Picrotin        — harmless. 

Cicu/oAt'n,  from  Cicuta  virosa — water  hemlock. 

(Enattthotoxin.  from  CEnanthe  crocata. 

Ct>rutm}rtin,  from  Coriaria  inyrtifolia. 

Digxtaliresin — decomposition  product  of  digitalin  and  digi- 
takin. 

T&xirisin — decomposition  product  of  digitoxin. 

OUtindri'sifh — decomposition  product  of  oleandin. 

i^ytoloicotoxin,  mainly  from  Phytolacca  Japonica,  but  prob- 
ably also  in  Ph.  decandra. 

II.  SUMMARY  OF  ACHONS. 

1.  Stimulation,  followed  by  paralysis,  of  the  medullary 
centers. 

2.  Some  stimulation  of  the  spinal  cord. 


III.  DETAILS  OF  ACTION. 

The  eflfect  upon  the  nteduila:  The  principal  symptom 
from  picrotoxin  poison  consists  in  coitvuhions  of  the  same 
character  as  those  described  on  [lagc  1 58  as  characteristic  of 
a  stimulation  of  the  medulla.  They  are,  indcL-d,  situated  in 
the  medullarj*  convulsion -center,  since  they  are  not  affected 
by  exdston  of  the  cerebrum,  but  practically  disappear  after 
destruction  of  the  medulla. 

Thb  is  cspeciaJIy  tlie  ca^  in  iiiiin]ma];i.      Id  the  frog,  strycbaJn-like  apaxms 
%)g^xvt^  ofigio  often  apprar  utiortly  after  thr  medulla  is  <lMtroy«(],  which  wen 
}  muked  bj  lb?  more  inltn^e  xtimulalion  of  higher  centers. 

The  convulsions  are  not  so  much  dependent  upon  reflex 
stimulation,  so  that  they  are  probably  in  part  due  to  a  direct 
stimulation. 

Rt'sprratory  center :  The  respiration  is  accelerated  before 
the  convulsions.  Later  it  becomes  fixed  in  the  spasm,  and 
in  the  following  collapse  may  be  slowed.  Asphyxia  may, 
therefore,  occur. 

Spasms  of  the  laryngeal  muscles  leads,  with  the  frog,  to 
distention  of  tl»e  body  with  air  and  to  a  characteristic  cry 
simiiar  to  that  sometimes  heard  with  strychnin.  WiUi 
digitaliresin,  toxiresin.  and  oleandrestn,  the  convulsions  are 
preceded  by  immobility. 
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Vasomotor  center:  There  is  a  general  rise  of  blood 
prtjssurc,  notwitlistanding  the  slowed  pulse,  and  indepen- 
dent of  the  convulsions,  sliowing  a  stimulation  of  the 
center. 

Vagus  center:  The  heart  is  greatly  slowed,  and  may 
even  cease  for  a  time.  After  divi.sion  of  the  vagi  the  heart 
will  return  almost  to  normal.  There  is,  however,  some 
depression  of  the  cardiac  muscle  involved  in  this  slowing. 
Later  tlicrc  may  be  a  quickening,  partly  due  to  stimulation 
of  the  accelerator  center  and  partly  to  paralysis  of  the  \'agus 
center  and  to  fatigue  of  its  endings. 

The  vomiting;  salii'ary,  and  sweating  centers  are  also  ex- 
cited. The  sweat  may,  however,  be  suppressed  by  vaso- 
motor constriction.  The  emetic  effect  is  used  therapeu- 
tically in  the  case  of  phytolacca. 

Spinal  cord:  As  has  been  seen,  a  stimulation  of  this 
structure  is  shown,  under  suitable  conditions,  by  increased 
reflex  irritability.  The  centers  of  defecation  and  urination 
may  also  be  excited.  Uterine  .spasms  have  also  been  ob- 
served as  dependent  on  stimulation  of  tlie  cord,  since  they 
cease  upon  destruction  of  this  organ. 

With  larger  doses,  all  tlic  stimulant  effects  give  way  to 
paralysis. 


IV.  TOXICOLOGY. 

Poisoning  with  Uie  common  pinnt  Phytolacca  (poke-berrin)  is  not  rare. 
The  Cooculus  indicuB  (fuh-bcrrics)  have  been  used  for  poisoning  tub  (in  whom 
it  ftlftn  produco  medullary-  stimulation  and  |xitmly«ij)),  and  thi*  meat  is  biglily 
toxic.  It  hns  also  be?n  used  lo  give  «  bitter  ta*ie  lo  beer,  which  thus  becomes 
poLMDOus.  2.4  Gru.  ol'  the  berries  (0.015  too.025  l-im.  of  picroloKin)  ore  fauL 
The  toxic  effect  sometimes  ^en  on  administering  obi  inrtuioiti*  of  digitalis  nuty 
also  be  due  to  members  of  ihis.  .series.  More  direct  work  on  this  would  be  de- 
sirable. 

The  symptoms  of  poisoning  consist  in  :  vomiting,  saliva- 
tion, acceleration  of  respiration,  slowing  of  pulse  and  pal- 
pitation of  heart ;  stupor  anil  unconsciousness ;  tonic 
spasms  passing  into  clonic  ;  collapse;  repetition  of  spasms; 
asphyxia. 

The  best  proof  of  the  poiwn  would  be  the  pliy^oloKic  effects  Ae  chanc- 
teristic  &ctioD  oa  the  frof;,  producing  bucking  and  bluattng. 

Treatment. — The  chemic  alkaloldal  precipttints  would, 
of  course,  not  be  efficient  The  best  treatment  would  be 
emetics  (if  vomiting  has  not  occurred),  chloral,  and  chloro- 
form.    The  combined  administration  of  chloral,  morphin. 
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and  minimal   doses  of  atropin   lias  recently  been   recom- 
mcndctJ  as  the  result  of  animal  experiments. 

V.  THERAPEUTICS. 
The  medullary  stimulation  produced  by  tliis  group  would 
be  highly  important  if  we  could  find  members  which  were 
quickly  and  certainly  absorbed.  This  has  not  been  accom- 
plished so  far.  tlie  action  being  uncertain  and  difficult  to  con- 
trol. Coriiimyrtin  holds  forth  some  promise,  but  has  not 
been  sufticicndy  tried.  The  indicatiun.s  for  their  use  would 
be  the  same  as  those  for  strychnin  (medullary  effect).  Phy- 
tolacca has  been  used  as  an  emetic,  but  its  action  is  uncertain 
and  is  apt  to  be  followed  by  dangerous  eflects.  Picrotoxin 
is  used  externally  against  pediculi ;  internally,  against  the 
mght-.sweatii  of  phthi.si.s,  and  in  epilepsy,  where  its  benefits 
arc,  however,  doubtful. 


MATERIA  MEUICA. 

*  Cocculus  indicus. — Fish-berries. — The  seeds  of  Ana- 
mirta  paniatlata,  Menispermacea;.      East  India. 

Picrotoxin.  alkaloid,  resin,  fat,  anamirtin. 
Dose:  0.1  to  0.2  Gm.  (i  yj  to  3  grs). 
(Decoction  used  externally  for  killing  vermin.) 
Picrotoxinum   (U.S.P.,    B.P.). —  IHcrotoxin.  —  Neutral 
prinaplc. 

Soluble  in  9  alcohol,  240  water. 

Dose:  0.0005  ^^  0,002  Gm.  (-j-^  to  ^  grain). 

Action  uncertain. 

*  Cicuta  virosa. — Water  Heinlock.     Europe. 
CUula  mtuttlata  and bulbifera.     United  States. 

Umbclliferx.     Of  some  toxicologic  interest 
Phytolaccae  Fructus  (U.S.P.). — Poke-berry. — The  fruit 
of  PkyUilacia  deeamira,   Pliytolaccaceie.      Nortli  America. 

Ph>'tolaccotoxin,  gum,  coloring -matter, 
f^epareiiioHS  : 

Extractum  Phytolacca  Fructus  F/uidum  {V.S.V.):    Two- 
thirds  alcohol.     Dose:  0.3  to  2  c.c.  (5  to  30  minims). 

*  Suecus  Phytoieicca  Fructus:  The  fresh  juice.     Dose:  2 
to  4  cc. 

Phytolacca  Radix  (U.S.P). — The  root  of  the  above. 
Constituents  as  above  ;  also  tannin  and  oils. 
Dose:  0.3  to  2  Gm.  (5  to  30  grains). 
•  Not  officiKl. 
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(Poke-root  and  berries  are  used  popularly  as  emetics, 
cathartics,  and  "alteratives.") 


(D)  SUMMARIES  OF  CONVULSANT  SERIES. 

I.  Drugs  Stimulating  the  Vasomotor  Center. — A  rise 
of  blood  pressure  may  be  brought  about  by  \\  quickening 
of  the  heart,  by  an  increase  of  the  volume  of  blood  tlirowii 
out  at  each  contraction,  or  by  a  contraction  of  the  vessels. 

The  latter  may  be  effected  periplurally,  either  through 
direct  action  on  the  muscles  or  the  endings,  or  it  may  be 
effected  through  the  vasomotor  center. 

The  vasomotor  center  may  be  stimulated : 

1.  Reflexly,  through   stimulation  of  the  sensor}' nerves. 

2.  Directly,  through  accumulation  of  CO,  in  tlic  blood. 

3.  Directly,  through  the  action  of  drugs. 

The  latter  alone  will  be  considered  in  this  place.  The 
following  drugs  stimulate  the  vasomotor  center  directly : 

Strychnin :  the  action  is  rapid  and  free  from  side-effects. 

Caffein :  lar^e  doses  are  required  and  such  as  a^tJI  pro- 
duce headache,  wakcfulne.ss,  and  pcrhap.f  palpitation. 

Pierotoxin  Group:  the  action  of  this  is  confined  to  the 
medulla,  and  would  for  that  rea-son  be  the  mo.st  desirable; 
however,  the  action  develops  slowly  and  is  difficult  to  con- 
trol. 

Digitalis  Group .-  the  vasomotor  action  is  overshadowed 
by  a  simultaneous  stimulation  of  the  cardiac  muscle,  which 
is,  however,  usually  dt-sirablc.  The  effect  is  developed 
rather  slowly — in  half  an  hour. 

Groups  of  Atropin,  Aconite,  Nicotin,  Ergot,  and  Ammonia: 
the  effect  is  small,  uncertain,  and  obscured  by  side-actions. 

A  stimulatinn  of  the  vasomotor  center  will  be  useful  by 
producing  a  rise  of  the  blood  pressure.  The  benefit  will 
only  be  temporary  if  the  low  pressure  is  due  to  cardiac  fail- 
ure, since  the  ri.se  is  produced  at  the  expense  of  the  heart ; 
/.  f..  by  increasing  its  work.  The  benefit  is  more  permanent 
when  the  center  is  depressed,  as  in  shock,  narcotics,  or  in 
partial  paralysis  of  the  center. 

The  direct  stimulation  of  the  center  by  drugs  (strychnin) 
has  the  adiHintage  over  reflex  stimulation  in  that  it  can  be 
maintained  continuously  for  a  much  longer  time.  Reflex 
stimulation  is  more  useful  when  a  short  but  quick  stimula- 
tion is  desired. 
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a.  Bespiratory  Stimulants:  i.  t\,  those  conditions  which 
quicken  or  deepen  the  respiration  through  a  stinDuUtion  of 
the  respiratory  center. 

This  stimulation  ma>'  be : 

1.  Reflex,  from  stiniuUtion  of  peripheral  nerves. 

2.  Direct,  through  an  increase  in  temperature  or  venosity 
of  the  blood. 

3.  Direct,  through  drugs. 

Drugs  stimulating  ihr  respiratory  center  directly : 

Strychnin  has  a  quick  and  j^iowerful  action,  practically 
firce  from  undcsircd  side -e fie cts,  but  the  effect  is  not  iasting. 

Casein  acts  more  slowly,  but  is  more  lasting  ;  it  produces 
wakefulness,  etc. 

Atropin :  the  efllct  is  not  so  very  great,  but  since  it  also 
paralyzes  the  bronchial  muscles  and  dries  the  bronchial  se- 
cretion, it  is  especially  indicated  in  asthmatic  conditions. 

Witii  the  groups  oi  ficrotoxtn,  HCN,  and  NH^^  the  action 
is  uncertain  and  impure. 

Imtication  for  tliese  remedies  is  lowered  activity  of  the 
respiratory  center,  such  as  may  occur  in  exhausting  di.seases  ; 
fatigue,  as  in  asthma  ;  or  in  depression  by  dru^s  (narcotics^. 

3.  Convtilsants. — As  far  as  these  have  toxicologic  im- 
portance : 

Convulsions  may  be  produced  by  asphyxia  or  through 
direct  stimulation  of  the  convulsion  centers. 

Asphyxial  com'uisions  can  be  removed  by  artificial  respi- 
ration. They  occur  in  tlie  course  of  poisoning  by  many 
drugs  which  depress  the  respiratorj'  center  or  interfere 
mechanically  with  tlie  admission  of  air  into  the  alveoli.  To 
the  furmcr  belong  clUoroform  and  anesthetics ;  to  the  latter, 
CO.  CO^  and  NjO^ 

Drugs  may  stimulate  the  center  either  in : 

MoliiT  jin-ii'>.      1  The   omTtiUiotia    atc  epileptiform   or  diorci* 
Pmm,  MediilU.  i      brm  ;    if  tonic,  there  i«  cmproMboiorMM, 
Sptrutl  ciHd  :         The  convul»i<HU  are  letnnic  ;  opiMbotonos. 

Usually  the  seat  of  the  convulsion  is  more  or  less  wdely 
spread,  and  there  is  perhaps  no  drug  which  affects  exclu- 
sively one  of  these  centers. 

SfimeU  commlsions  exist  most  typically  with : 
Strv'chnin  group. 
Caffcin 
Mtduiiary  coHvuisi&ns : 

Picrotoxin  group,  including  digitalis. 
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Comutin. 
Camphor. 
Ammonia. 
Veratrin. 
Typical  cerebral  cotwuUions  are  seen  with : 
CaiiJtabis  indica. 
Absinthe. 
4.  Shock  or  Collapse. — Shock  or  collapse  may  be  de- 
finctl  as  a  .sudden  depression  of  the  activity  of  the  medullary 
center.      If  this  depression   results  frorn  a  reflex,  it  is  called 
shock  ;  if  produced  directly,  collapse. 

Collapse  may  be  prmluced  by  anemia,  asphyxia,  or  drugs. 
In  any  case  there  is  an  involvement  of  the  vasomotor  and 
respirator)'  centers,  also  of  the  cardiac  (vagus  center);  but 
the  latter  is  of  verj'  little  practical  importance. 

Depression  of  the  heart  may  be  tiie  cause  of  the  anemia. 
Drugs  caitsing  coHapse  : 
I.  Imiirectiy : 

1.  All  which  stop  the  heart 

2.  All  tliosc  which  interfere  mechanically  with  respira- 
tion. 

3.  Those  which  produce  a  violent  reflex  irritation 
(caustics). 

//,  Dirictly :  i.  t\,  those  in  which  the  collapse  is  not  pre- 
ceded by  other  conspicuous  symptoms  ; 

Cocain. 

Physostigmin. 

Benzol  derivatives  (aromatic  scries). 

Hydrocarbon  narcotics. 
Treatfnent  of  Collapse. — If  the  collapse  is  indirect,   the 
treatment  should  be  the  mH(n>al  of  the  cause;  if  direct  and 
if  the  respiration  is  paralysed,  artificial  respiration  or  heat 
should  be  used. 

If  the  vasiHHotor  paredysis  is  mo.st  conspicuous,  one  may 
use  strychnin,  usually  joined  with  hypodermic  injection  of 
normal  salt  solution  (50  c.c.  at  frequent  inter\'als  to  300  or 
1000  c.c\  The  normal  salt  solution  has  a  very  marked 
influence  on  these  conditions.  It  slows  and  strengthens  the 
heart-beat  and  brings  about  a  rise  of  both  arterial  and 
venous  pressure.  It  has  not  nearly  as  strong  an  effect 
when  the  circulation  is  normal,  and  the  action  is  in  all  cases 
only  short ;  the  injection  must  therefore  be  repeated.  The 
quantity  necessary  to  produce  a  marked  change  is  of  such 
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an  amount  as  to  favor  the  idea  that  it  acts  largely  mechani- 
cally— i.  f.,  by  increasing  the  fluid  in  the  circulation  ;  but  it 
seems  also  to  produce  a  stimulating  action  on  the  medullary 
centers,  perhaps  due  to  reflexes  set  up  in  the  blood-vessels 
on  account  of  the  mechanical  salt  irritation.  It  is  most 
efficient  dt  a  temperature  of  50*^  C,  but  is  tlien  painful.  In 
case  of  emergency  it  may  be  injected  into  the  peritoneum 
or  intravenously. 

These  me:isures  are  more  useful  in  shock  or  collap.se 
than  stimulation  of  the  medullary  center  through  reflex  irri- 
tation, for  when  the  vasomotor  center  is  depressed,  reflex 
,  irritation  is  apt  to  have  a  rather  depressant  action  upon  it. 

The  application  of  heat  and  lowering  of  the  head  are 
always  useful  in  conjunction  with  other  treatment. 


CHAPTER    IX. 
ALKALOIDAL   HYPNOTICS. 


(A)  MORPHIN  GROUP. 

I.   MKMHKRS. 

The  members  arc  mainly  the  various  opium  alkaloids: 
Morpi»in.  coddn,  narcotin.  papaverin  ;  also  the  substitution 
products  obtained  by  replacing  one  or  more  H  of  morpliin 
by  a  hydrocarbon  radical : 

HcrDtn  =  di-acelyl-mnmhin. 
CNooin  =  MMyltnorphin. 
Petuoin  =  beiizyl-morijhio. 

These  are  formed  on  the  type  of  codein,  which  is  methyl- 
morphin. 

II.  SUMMARY  OF  ACTIONS. 

I.  Simultineous  stimulation  and  depression  of  different 
parts  of  the  central  nervous  system. 

3.  A  local  action  on  tlie  peristaltic  mechanism  of  the  in- 
testine 

3.  An  HCN  action  on  the  heart. 

(There  is  no  effect  upon  the  peripheral  sensory  nerves.) 
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HI.  DETAILS  OF  ACTION. 

I.  Central  Nervous  System. — (A)  The  Brain. — (a)  In 
tlic  /fifj^  tlic  development  of  the  symptoms  corresponds 
exactly  to  progressive  removal  of  the  brain.  They  can  be 
well  made  out  if  the  poisoning  is  slow.  Tlie  depression 
begins  with  the  /terftis/>/ures.  There  is  a  diminution,  and  then 
absence,  of  spontaneous  movements;  but  when  aroused, 
the  animal  will  act  quite  normally.  It  sits  in  the  normal 
position,  shows  tlie  croaking  reflex,  and  will  climb  up  an 
inclined  plane.  When  placed  in  a  tumbler  filled  nith  water 
and  inverted  in  a  large  vessel  of  water,  it  will  at  first  leave 
the  glass,  but  later  on  it  will  not  do  so.  At  this  time  it 
will  not  avoid  obstacles  in  jumping.  The  lower  brain  is 
next  involved,  this  being  shown  in  an  inn^m-dinnthn  of 
movements.  When  placed  on  its  back,  the  animal  will 
make  efforts  to  turn,  without  being  able  to  do  so.  I^ter 
it  will  lie  quiet.  Tlie  spina/  cord  is  then  involved  and  the 
reflexes  are  lessened. 

After  the  animal  has  remained  in  this  depressed  condition 
for  a  variable  time  a  secondary  tetanus  sets  in.  This  is  of 
the  strjchnin  type.  It  usually  passes  into  complete  paral- 
ysis.    The  heart  is  still  beating  at  this  stage. 

Why  this  tclatius  does  ool  appear  a(  once  is  Mill  problemnlic.  One  would 
be  tempted  to  sappoK:  that  tl  U  ti^oJiVM  in  its  cariy  sisgcis  hy  the  deptnding 
action  of  the  poiwn,  but  this  is  rendcted  improb«b1e  by  the  fact  that  it  api^ars 
early  if  large  doses  are  Kivcn.  It  may  pcmaps  be  assumed  that  the  narcotic 
■ctioQ  suun  reaches  tbc  maximum,  whereas  tlie  »[imulating  actinn  Mill  increases. 

Another  theory  would  be  thai  \  letflnieing  substance  is  gradually  developed 
by  the  oiorpbin.     The  subject  tieeds  investigation. 

Heroin  also  produces  this  secondary  tetanus. 

(i5)  In  inammafs  the  course  is  similar,  although  there  is 
not  such  an  isolation  of  the  symptoms,  both  because  the 
centers  are  more  intimately  corn-lated  and  because  the  ac- 
tion is  more  rapid.  The  secondary'  tetanus  is  less  prominent, 
but  in  small  animals  quite  manifest.  A  stimulation  of 
various  parts  of  the  central  nervous  system,  simultaneous 
with  the  depression  of  others,  is  much  more  conspicuous 
than  in  the  frog. 

One  or  the  other  of  these  two  sets  of  actions,  stimulation 
or  depression,  may  predominate  in  different  animals  or  in 
different  individuals  of  the  same  species.  On  account  of 
tlicse  individual  diflcrences.  the  .symptoms  are  not  uniform, 
and  it  is  impossible  to  pronounce  on  one  type  of  moq^hin- 


I 
4 


Ijorphin  on  thb  brain. 

poisoning.  Each  part  of  tlie  central  nervous  system  requires 
separate  study. 

Honisphcrt's. — In  mammals  the  first  effect,  produced  by 
doses  too  small  to  elicit  any  other  symptoms,  is  tHminished 
sensibility  to  lasting  impressions.  I'lspecijillystimuli  giving  rise 
to  pain,  cough,  and  other  disagreeable  sensations,  are  much 
diminished  in  their  effects.  With  somewhat  larger  doses 
other  persistent  external  itnpressions,  such  as  those  produced 
by  light,  sound,  etc.,  are  also  weakened.  'Ihc  sensibility  to 
smliit'n  stimuli  is  diminishtd  but  not  abolishtd.  It  seems  to 
be  the  attention  which  suffers  mainly.  Tile  impressions 
reach  the  brain,  but  produce  little  eRect  there,  and,  attract- 
ing tittle  attention  on  the  part  of  tlic  animal,  are  neglected. 
These  conditions  exist  in  practically  all  animals  possessed 
of  a  higher  brain. 

In  larger  doses  morphtn  aflects  other  portions  of  the  hemi- 
spheres besides  those  having  to  do  with  external  impres- 
sions, and  the  effects  upon  these  are  variable.  Its  typical 
effect  in  man  is  to  produce  (juietniss,  which,  aided  by  sup- 
pression of  external  stimuli,  passes  into  a  dreamy,  abstracted 
condition,  or  into  torpor,  s/eep,  and  coma,  according  to  the 
dose.  Since  the  patient  can  be  completely  awakcncrl,  at 
least  in  the  earlier  stages,  and  since  the  sleep  produced  by 
small  doses  is  refresliing,  this  goes,  with  other  facts,  to 
show  that  the  early  paralysis  does  not  involve  the  whole 
brain,  but  is  largely  the  effect  oi  the  exclusion  of  stimuli. 

But  the  morphin  may  have  precisely  the  opposite  efJcct. 
Thus,  in  the  cat  tribe  it  produces  almosi:  pure  excitcfnent, 
manifested  bv  restlessness  and  incessant  movement. 


lUit  rven  in  this  comlition  one  mxf  notice  the  depressing  action  upon  the 
allpniKn,  fur  ttttr  Mnimfll  doc4  not  avniil  ohiMaclfb  in  a  ikvruI  mminer,  and 
when  It  mmf*  into  violent  oontarl  wiih  some  ohjfcl,  this  dneii  not  seem  to 
niAti<  «ny  U»tinK  impression  upon  it.  and  doei^  not  leach  it  to  be  more  careful. 

Seme  RoRlrnt  i«rp«.  esjirnally  the  M.i1ny«,  i«  well  a^  itome  individuals  uf 
other  racc^  inmi  frequently  wnmeii,  alwi  manifrst  almost  pure  exritement 
tflectt,  so  that  itie  niorptiin  produce*  wakefnlne^  implead  of  drowsiness.  In 
wmiC^Mti  IhiK  r«-.Hr1<-*snrM  »eenu  to  precede  iIig  narcoiic  acliun, '  atlhough 
Dot  inp  lowenni;  of  tlie  attention. 

The  Nktr  mtmSerf  ^f  iHr  greufi,  espedalty  codein  and  heroin,  *how  a  com- 
panriTpIr  jilighl  qnteling.  and  cninparaiively  strong  rxcilanl.  action.  With 
Ihow,  the  ttMximum  of  hypnosis  is  wmn  reached,  ami  if  the  dose  he  raiftetl  bc- 
iruud  Ihispoiol,  the  slight  dcpreswnl  actiuti  di&appcan>  entirely  and  is  replaced  bjr 

*  Atigrrmtin  are  aibalances  having  the  praprrty  of  stupefying.  The  fid- 
lowing  drag*  are  cla.«$ed  under  this  heading:  Acnntic.  hydmcarbont,  belta- 
doBiia,  caniuibu,  ooiiium,  digitalu,  huinulus,  bya&cyamu^,  Uctuatrium,  opium, 
and  tuajiKUUinn. 
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exctletncnl.  Tliese  phrnomrna  scrm  analognus  lo  the  secondary  telantis. 
Dinfcrcni  sniiiialb  ^llllw  ttir  Humc  ilifTcrcnccs  willi  rr^nl  to  the  narcotic  and 
SliiaulaiiDg  acliuDA  uf  tlicv:  derivatives  as  they  do  with  morpbiii. 

Morphin  is  by  far  the  most  active  member  of  this  scries, 
as  far  as  the  hypnotic  and  analgesic  effects  are  concerned. 
Whether  these  succcs-sivc  stimulations  and  depressions  in- 
volve tlie  same  or  different  centers  cannot  be  decided. 
Either  view  lias  some  support. 

The  ntotor  anas  may  be  very  differently  affected.  In 
dogs  one  sees  very  frequently  a  paralysis  of  the  hind  legs, 
resulting  in  a  crouching  (hyenoid)  walk,  which  probably 
has  its  cause  in  depression  of  this  center.  They  always 
show  a  clumsiness  in  their  voluntary  movements,  bearing 
the  closest  resemblance  to  that  produced  by  ablation  of  the 
motor  areas.      Hi!roin  gives  the  same  cfTccts. 

On  the  other  hand,  one  often  sees  epileptiform  convul- 
sions, tremors,  or  choreiform  twitchingsof  single  limbs  which 
seem  to  arise  from  irritation  of  this  center.  The  excitability 
of  the  motor  areas  to  electric  stimulation  is  not  afTccted. 

On  the  special  senses  morphin  seems  to  have  no  eflfecL 
The  changes  whiuhare  noted — namely,  a  less  acute  perc 
tion — can  be  accounted  for  entirely  by  disturbance  in 
attention. 

On  Ihc  other  hand,  the  reflexes  to  whkh  tliey  give  rise  when  saddcnljr 
excited,  arc  increnwd.  This  depends  upon  the  h^ighttntd  txiilahHity  of  the 
tpinai  (orii. 

The  imagination  is  peculiarly  affected.  ]n  most  people 
the  period  of  abstraction  and  light  sleep  is  filled  witli  dreams 
which  are  usually  pleasant. 

At  leoAt  the  grrairr  (Kirt  of  lliis  amy  be  aM:Hbcd  lo  Ihc  sup^iressioa  of  the 
extenifi).  and  especially  of  unpleasant,  miiire^Moiis.  Whetlier  there  is  also  a 
stimulation  of  an  *'  imagination  center"  niust  be  left  undecided.  Perhaps  the 
aphriHlisiac  fffech  can  be  explained  by  this  unrestrained  iraoginutiun,  pcihsps 
also  by  stinmlaiion  of  ihc  center  in  the  cord,  for  the  more  stimulating  members 
of  ihe  group,  micIi  at  licioin,  always  pniddce  erection  in  dogs. 

(B)  The  Medulla. — The  effects  upon  the  medulla  arc 
very  characteri.stic:.  There  is  less  variation  in  individuals, 
but  the  separate  centers  sliow  a  ver>'  different  reaction. 

(rt)  The  Respirafory  Cmter. —  The  respiration  is  slowed. 
and  the  excitability  of  the  respiratory  centerto  reflex  stimu- 
lation is  greatly  lessened.  The  excitability  to  CO,  or  to  the 
absence  of  oxygen  is  not  so  much  diminished,  at  least  with 
heroin.  Tiie  iiidindual  respirations  become  deeper,  the  in- 
spiration relatively  prolonged,  and  the  force  increased.  The 


ACTION   ON    RESPIRATION. 


20I 


oxygen  consumption  is,  of  course,  lessened  by  this  action^ 
except  with  the  more  convulsive  member  of  the  group 
(codein).  With  heroin,  the  blood  is  but  little,  if  any,  richer 
in  CO3.  With  this  drug  (heroin)  the  effect  upon  the  respi- 
ratory center  is  so  marked  that  the  dose  maybe  adjusted  in 
such  a  manner  that  this  will  be  its  only  action. 

A  compftrison  of  the  action  of  ililTcrenI  mcmbrn  of  ihix  gnmp  will  be  o( 
iotcrest  (doftei  gircn  are  p^r  kilogram  of  rabbit) : 


Ddks  giving  maxiniam  ihcrn- 
peuiic  effecU 

Ffttal  doM  rquAlft  times  then- 
peutic  dose       

Velociljr  of  ictJoo 

Uean  6tcnmx  io  rrequency, 
per  cent. 

Mean  dccrro.'tc  in  volume  re- 
spired io  given  time,  per 
cenL  .    

Mean   iiKTciue  in  voloiDe  of 

aingte  respiration,  per  ccQt. 

Compumtive  do»c     ,    ,    , 

Comparative  danger     ,    . 

E0cct  on  volume  of  individual 
T«$pinbon»,  pet  cent      .    . 

Kflcct  on  frequency,  percent.  . 
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Other  invettigstora  claim  that  the  diflcreiK«  between  the  therapeutic  dose 
of  hemin  »od  that  producing  uDpIea^at  side-effect*  is  not  so  very  large.  The 
bulk  uf  evidence  certainly  inclines  lu  the  view  that  it  is  a  camp«ralivcly  hann- 
le»  dcpretMnt  of  the  respiratory  center  to  reflex  stimulation. 

With  /arj^f-r  doses  of  morphin  the  respiration  becoming 
more  shallow  and  more  irregular,  frequently  of  Cheyne- 
Stokcs  type.^ 

*  Cheyne  Slukei  rr^piralinn  \*  wen  with  a  very  large  number  of  dmg3 
which  hive  in  common  a  deprewinn  of  the  respimtoTy  center.  It  is  now 
believed  to  be  due  to  the  effects  of  change  uf  bliKxl  pic.<^urc  on  tlie  re^pira- 
tua  when  ihe  activity  of  the  respiratory  centers  is  lowered.  These  changes  in 
reiplnition  depend  on  the  Traube-Hering  curves  in  the  blood  preiware,  and 
Ibese.  in  turn,  appear  whenever  the  respiratory  center  is  greatly  depressed. 
They  ah.w  ihrongh  a  rhythmic  stimulation  of  the  va&omotor  center,  and  a 
penodK  rise  of  pn«ure  produced  in  this  maaner  reacts  upon  the  activity  of 
tte  icspitBlory  center  in  its  depressed  condition. 


The  weakened  respiration  results,  with  moqjliiii,  in  a 
great  accumulation  of  CO^  in  the  blood — more  even  than 
in  chioroform-poisoninf;.  Tliis  leads  to  asphyxial  convul- 
sions, and  thcst,  added  to  the  increased  muscular  activity 
produced  by  the  spinal  action  of  the  drug,  lead  to  a  greater 
need  of  oxygen.  This  tlie  weakened  respiration  cannot 
supply,  and  the  animal,  therefore,  dies.  It  will  be  seen  from 
this  that  those  nnjnil>cr3  uf  the  morjjhin  group  are  most  fatal 
which  produce  at  once  a  depression  of  the  respiratory*  cen- 
ter and  convulsions.  Paralysis  of  this  center  is  usually  the 
cause  of  deatli.  The  asphyxia  has  the  usual  effects,  already 
described  on  paj^e  162. 

(&)  Effects  on  the  Circuiation, — Morplun  has  very  little 
action  except  in  maximal  doses.  The  rate  of  the  heart  is 
at  first  slightly  accelerated,  then  slowed,  the  former  being 
secondary  to  the  nausea.  Larger  doses  cause  slowing 
through  stimulation  of  the  vagus  center. 

That  the  slowing  in  this  siagc  is  due  In  the  slimulRtitig  action  is  slwwn  by 
the  fact  (hnt  it  can  be  partly  removed  by  anesthetics. 

Somewhat  larger  doses  will,  of  course,  depress  this  cen- 
ter. Maximal  doses  may  also  paralyze  the  antontatic  motor 
property  of  the  heart  in  the  same  way  as  HCN  ;  /.  e.,  the 
rhythmic  contraction  will  have  ceased  when  the  iieart  mus- 
cle is  stili  capable  of  responding  to  stimulation  by  isolated 
contractions.  Still  larger  doses  abolish  the  contractility 
altogether.  Kcroin  has  practically  the  same  action  on  the 
circulation,  but  a  stronger  effect  on  the  vagus  center. 

The  viisomottfT  t  enter,  as  a  rule,  is  not  affected  except  in 
the  highest  grades  of  poisoning,  when  it  is  deprtsscd  with 
little,  if  any,  previous  stimulation.  W'ith  mo<lcrately  large 
doses  the  biood pressure  is  not  changed.  If  the  asphyxia  is 
pronounced,  one  may  observe  the  asphyxial  rise  and  fall. 
There  is  a  somewhat  specific  .stimulatinn  of  the  vasodilator 
center  for  the  cutaneous  vessels  even  with  small  doses.  The 
skin  becomes  red.  There  is  3  feeling  of  warmth  and  an 
increased  secretion  of  sweat.  This  en'thcma  in  higher 
grades  or  in  susceptible  individuals  may  lead  to  exanthe- 
mata.' 

Much  has  been  written  about  the  effect  of  morphin  on 
the  circulation  of  the  brain,  but  the  definite  information  on 

1  Other  pouotu  whieb  may  pradure  cTythcma  are  :  alropin,  qtuntn,  cUmml, 
coal-tar  pmdurls,  lodids,  hrnmids,  etc 
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the  subject  is  very  small.  Of  course,  when  it  comes  to  a 
fali  in  the  general  blocxi  pressure,  the  circulation  of  tlie  brain 
will  also  be  diminished,  but  there  is  no  proof  of  any  direct 
action  on  the  cerebral  vessels. 

(f)  t^tpii. — In  man.  morphin-poisoning  is  usually  charac- 
terized by  a  contraction  of  the  pupil  {tttwsis).  This  is  due 
to  the  paralysis  of  tlu  medullary  pupiUodUator  center. 

The  cITrcts  of  <lnJifs  njKiri  the  pu]Hl  will  lie  morp  fully  discmspd  in  Chapter 
XI.  SuiEce  il  to  say  thai  an  effect  may  be  either  central  or  peripheral.  The 
di^ioctioD  mar  be  mode  by  stimulating  or  divitliiig  the  itcrvc- trunks  going  to 
Ihe  iris.  If  the  change  {ierfti.<ils,  if  it  can  br  otiiaincd  on  an  esciKd  eye,  and 
appean  mare  marketl  on  local  application,  it  must  be  pcrii>licra] ;  whereas,  id 
tbe  oonlnuy  casc  It  mu&t  be  ccnLtiU. 

With  morphia  the  dilatation  occurs  after  systemic,  but 
not  after  local  application,  and  it  docs  not  occur  on  the 
enucleated  eyeball.     It  is  therefore  eentral. 

It  night  then  be  due  either  to  a  stiimilation  of  the  coDStric<or  center  or  to  a 
dMtesdon  of  the  dilator  center.  It  iii  probably  panilytic,  for  moU  of  the  <itlier 
etfms  of  morphin  on  the  medulla  are  paralyzing,  and  the  mi^isis  pemsU  in  ibe 
highrit  gnide«  of  poisoning,  when  5tiniulatjr>ii  would  H^rtcly  be  possible. 
Kuriher.  in  those  animals  in  which  morphin  has  au  excitant  action  (cat),  it 
pcodaccs  dilatation  inslead  ci  contraction. 

This  miosis  has  no  therapeutic  importance,  but  is  of  some 
interest  in  the  differential  diagnasis  of  coma. 

J</)  Several  edbcls  of  morphin  are  probably,  at  least  in  part,  due  to  iti 
nllary  action:  ibus,  salivation,  vumiling,  vwenling,  etc.  Thete  will  be 
mn''idpr»fd  Ijiter,  since  the  crntml  nei-%'ciiis  *y>lf'rn  i*  only  mie  of  the  factors  In- 
wjvtd.  The  sttfutiM^-  is  entirely  secondary  to  the  dilatation  of  the  cutaneous 
vessf  Is  and  luler  to  the  as]>hyxiH.  The  teiufifrature  center  is  also  de]ireMed, 
w  Chat  the  animal  does  not  so  readily  KOODimodate  itself  to  changes  in  the 
sunotmditkg  lemperalure. 

(C)  Effects  upon  the  Spinal  Cord. — These  have  been 
studied  for  tiic  most  part  on  fro^^s,  in  which  they  arc  not  so 
largely  obscured  by  the  action  on  the  hi^jher  centers.  In 
these  animals  it  produces  a  slight  primary  depression.  This  is 
followed,  witli  sniall  doses  after  several  days,  by  a  str>'ch- 
nin-like  condition,  a  secondtiry  tetanus.  This  secondary 
tetanus  is  never  seen  in  susceptible  mammals  because  doses 
required  for  it  u-ill  kill  the  animal  before  there  is  time  for  its 
production.  Most  warm-blooded  animals  show  only  an  in- 
fTfase  in  the  reflex  excitability,  which  comes  on  early  and 
persists.  (Strj'chnin  is,  therefore,  not  a  good  antidote.) 
Tliis  forms  quite  a  conspicuous  symptom  in  all  animals. 

One  would  be  tempted  to  explain  this  inoeased  reflex  exdtabUity  by  the 
f«B0Va]  of  (Ik  inhibitory  infhience  of  the  higher  centers,  and  this  is  certaialj 
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one  fnclor.     But  the  resuUs  are  much  larf^r  thnn  could  be  produced  in  thii 
mnimer,  uiid  a  direct  stiiuul&nt  actJun  on  Che  cord  cnuM  be  assumed. 

Aphrodisiac  effects  are  partly  due  to  stimulation  of  the 
cord,  partly  to  the  effect  on  the  imagination. 

Iti  reference  to  the  predominance  respectively  of  the 
strychnin-hkc  action  on  the  cord,  and  the  narcotic  action  on 
the  brain,  the  members  of  the  grou[)  can  be  arranged  in  the 
following  scries  : 

Narcosis  predominates ; 
-f  morphin 

heroin 
papaverin 
code  in 
narcotin 
<^  tliebain. 

Tetanus  predominates : 
Tlie  cause  of  the  action  of  morphin  on  the  central  ner- 
vous system  is  ver\'  imperfectly  uncicrstood,  just  as  is  that 
of  all  other  alkaloids.  It  has  been  attempted  to  explain  Its 
action  by  a  change  in  cerebral  circulation,  but  this  change 
comes  late  and  is  seen  only  uith  the  largest  doses.  But 
even  if  this  explanation  were  true,  it  would  not  give  any  real 
insight  into  the  cause  of  the  action,  but  only  advance  the 
question  one  step  further:  for  this  itself  would  be  due  to 
depression  of  the  vasomotor  center.  The  same  discussion 
hxs  been  going  on  in  regard  to  natural  sleep. 

Others  have  sought  for  histologic  changes,  but  with  the 
present  methods,  unsuccessfully.  *  As  Xjo  gross  changes  in 
the  brain,  almost  all  drugs  which  cause  narcosis  or  tetanus 
are  saiti  to  produce  hyperemia  of  the  membranes,  often  also 
some  effusion  into  the  ventricles. 

3,  Peripheral  Actions. — (a)  Morphin  and  other  mem- 
bers of  the  group  have  practically  no  action  upon  muscle-  or 
nerifC-fibers  or  endings.  Particular  stress  must  be  laid  on 
the  fact  that  the  sensory  endings  arc  in  no  loay  affected,  so 
that  the  local  application  of  morj>hin  or  opium  is  entirely 
irrational. 

But  this  is  a  practice  which  clinicians  seem  very  loath  to  renounce,  and 
lotionii  and  local   injections  cnntaining  mi»rphin  are  still  very  frequently  em- 

'  The  histologic  methods  which  might  be  employed  in  »ich  invesugatioo* 
are  ihi  delicate  and  complicated  that  Ihey  require  a  great  deal  of  practice,  and 
can  be  carried  out  only  by  those  who  have  devoted  themselves  for  a  consider- 
able lime  to  ihift  line  of  research,  and  even  then  a  cennin  amount  of  doubt  ti 
permiftuble. 
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ploTed.  Thr  appflrenl  guod  results  obtained  arc  largely  due  to  the  abwirplion 
of  muqiluu  (roin  wfuuiid^  or  mucous  ituifACes.  Il  cau  c»cn  be  absorbed  to  a 
»Iighl  extent  irvm  the  unbroken  skin.  The  most  popuUir  fortn  ot  this  liical 
v.t<  is  the  le«d  and  opium  wash,  and  thi»  certainly  gives  salii>ra<:tur_v  results. 
The  ctfccl*  are  prvbauly  lo  be  explained  by  the  non-irrilaliug  covering  fur- 
nished  by  the  lead  precipitate,  and  by  the  astringent  action  of  the  lend  itself. 
The  direct  application  of  codem  destroys  the  activity  uf  oervc  ganglia  and 
nerve- fibers. 

(b)  Effects  upon  the  .Alimentary  Canal. — Sfomacft. — 
Morphin,  no  matter  how  administered,  itnpaiis  the  difjestion 
and  tends  to  produce  nausea,  vomiting,  and  salivation. 

One  might  be  templtd  to  ascribe  therte  effecLs  tu  it<t  central  action,  but 
moq>hin  u  excreted  very  rapidly  into  \\\k  stomach,  and  ItKal  action  caniitit 
thcrrrcrrc  be  excluded.  There  ».  howrvcr,  little  direct  evidence  on  this  sub- 
ject, and  it  is  quite  possible  ibat  both  cential  and  peripheral  action  are  in- 
Toiled. 

Heroin  produces  only  s;ilivation  and  no  vomiting,  and 
usually  little,  if  any,  gastric  disturbance — facts  which  point 
lo  a  central  action. 

The  action  of  morphin  upon  peristalsis  belongs  to  the 
best-known,  and  at  the  same  time  tlic  least  understood,  of 
its  effects.  In  man  it  produces  constipation  in  practically 
all  doses,  except  the  very  largest. 

Id  t]»ric  it  nase*  bloody  itools  probably  through  vasomotor  paralysis. 

Tn  nnimals.  however,  its  cflccts  arc  quite  variable,  accord- 
ing to  the  species  and  other  conditions,  so  that  one  may 
see  almost  any  action.  In  tlie  dog  it  usually  causes  diar- 
rhea. Results  obtained  on  this  animal  cannot  be  applied 
to  man  at  all. 

The  diSicnItics  tn  the  study  of  thc»c  phenomena  He  not  only  in  the  diiler- 
'  in  the  animaU,  but  alv  in  the  ca<w  with  which  |>rn<.tnl<ii!i  is  influenced 
J  ibe  5li|>ble»t  disturbing  factor. ;  and  in  Ibc  complex  innervation  of  the  a!)- 
mcncary  canal.  'Jur  knowledgr  uf  the  latter  subject  hna  been  revolutionized 
within  the  paat  few  years,  and  cnnnot  even  now  be  considered  in  a  saliiifarlnry 
eoBditioa.  As  to  the  action  of  drugs  mu^  of  the  work  which  has  been  done 
Is  old,  and  need3  a  thorougb  revision  in  tl\e  light  of  our  present  knowlt-dge. 

The  perif<ta.1sts  t«  very  greatly  affrcled  through  changes  in  the  cinrtilotion 
vhicb  are  not  ver\-  easy  to  ojotrnl  and  10  interpret  When  the  alwlonien  is 
opened,  u  i»  nece<>«ary  for  an  analy>>t!i  uf  the  phenomena,  the  exp^iMire  to  the 
air,  or  lo  thr  <^a1t  wlulinns,  which  are  prcibnljly  not  rjitite  imliflerent ;  the  ab< 
Dormal  coDtlitimt^  of  pressure ;  the  inattention  lo  exucl  re^ilntion  in  lempera- 
tOfe ;  the  4clt3ii{B;-up  of  direct  or  reflex  stimulation  or  inhibition  by  the  un- 
svnidable  handling  of  thCM  orgnns  or  by  the  attachment  of  appamlux  ;  the 
relative  difference  in  longitudinal  and  circular  coat*  in  different  nnimalK  ;  the 
oerviKu  lupply.  which  is  perhaps  quite  dilfereiit  in  di^ercnt  ^pecicf;  the  vari- 
able activity  nf  the  Central  nervous  mlem  ; — all  these  are  complicating  fiirlnre 
whidb  Mem  lo  influence  the  results  in  an  extremely  strong  manner,  and  which 
■I  is  •haolutely  itnpauible  to  exclude. 
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In  man  the  most  important  factors  concerned  in  peris- 
talsis are  probably  the  following  ; 

1.  A  local  mcciianisni  which  seems  to  consist  of  a  com- 
plete reflex  arch,  the  nervous  center  of  which  is  located  in 
Auerbach's  and  MeU-sncr's  plexus. 

2.  A  certain  power  of  irritability  and  of  rhythmic  con- 
traction residing  in  Uie  unstriped  muscle  itself. 

3.  The  activity  of  both  of  tliese  is  influenced  by  the  local 
conditions  of  circulation. 

4.  A  central  control  consisting  of; 
(a)  tonic  inhibitory  impulses  passing  down  the  splanchnic 

to  tile  local  centers  ; 

{d)  both  inhibitory  and  augmentor  fibers  contained  in 
the  vag-us ;  the  latter  are  not  tnnicaily  active  and  are  very 
easily  eliminated  by  other  influences. 

Conlmction  nf  the  cimitiu'  coat  of  the  intestine  will  diminish  the  lunien; 
of  (he  lon^ntudiiial  coat,  will  sburtcii  the  ^t,  and  may  compress  i(.  The 
latter,  however,  is  not  sufficient  to  be  of  importance.  The  coati  seem  usually 
to  act  jyncbmnously. 

Two  kinds  of  motion  can  he  distinguished  in  tlic  intestines 
removed  from  the  inhibitory  influences  of  the  splanchnics 
by  section  of  these  nerves. 

1.  A  rapidly  advancing  rhythmic  ptnduium  mm'tment 
aflccting  longitudinal  and  circular  fibers  simultaneously, 
myogenic  in  origin,  and  probably  propagated  by  muscular 
conduction. 

Thlft  imivecneiit  is  probably  not  concemctl  in  the  propulsion  of  the  inie«linal 
CDDtenU,  uid  is,  therefore,  of  litile  practical  imparlance. 

2.  Pa'istfilsis. — This  travels  much  more  slowly,  and  is  a 
true  coordinated  rcHex,  started  by  mechanical  stimulation  of 
the  intestine  and  carried  out  by  the  local  nenous  mechan- 
ism. It  occurs  indejjcndently  of  the  connection  of  the  gut 
with  the  central  nervous  system,  but  may  be  restrained  by 
the  latter.  It  travels  only  in  one  direction, — /.  ^.,  descends, — 
and  consists  in  two  phases,  a  constriction  above  the  point  of 
stimulation  and  a  dilatation  below  it. 

l*be  phynologic  importnooe  of  this  arratigement  will  be  readily  appreciated, 
far  by  it  the  resistance  tu  the  downward  pas&age  \s  removed,  wheteii»  the  con- 
striction above  f<)rce«  the  mass  to  descend. 

These  peristaltic  movements  can  be  very  easily  started  in 
a  portion  of  the  intestine  removed  from  the  influence  of  the 
splanchnics,  but  only  with  diflficulty  when  the  latter  are 
intact. 
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Locai  anemia  of  the  intestine  inhibits  all  the  movements 
obscrveti  in  the  isolated  intestine  of  the  dog.  Any  condi- 
tion, tlieret'ore.  which  causes  a  fall  of  blood  pressure  will 
tend  to  diminish  the  intestinal  movements.  In  the  rabbit,  on 
the  other  hand,  peristalsis  is  stimulated  by  local  asphyxia. 

In  view  of  these  complicated  factors  the  study  of  the 
effects  of  drugs  upon  the  peristatsi';  h  very  unsatisfactory-. 
Tlie  following  schema  may  be  looked  upon  as  a  provisional 
method  of  studying  these  actions  : 

(A)  Ussettt'd  peristalsis  may  be  due  to: 

1.  Paralysis  of  tlie  muscles;  physostigniin  will  have  no 
effect. 

2.  Paralysis  of  Auerbach's  plexus:  nicotin  will  have  little 
effect,  but  physostigmiii  will  produce  contraction.  Mechan- 
ical stimulation  after  section  of  the  splanchnics  will  have  no 
effect. 

3.  Stimulation,  direct  or  refiex,  of  the  splanclmics.  Tliere 
will  be  no  effect  if  the  drug  in  question  is  used  after  section 
of  the  splanchnics. 

4.  Fall  of  blood  pressure:  the  effect  will  be  proportional. 

(B)  Increased  peristalsis  ma\'  be  due  to  ; 

1.  Stimulation  of  the  muscles:  the  effect  will  consist  of 
local  contraction  rings  which  will  not  be  inhibited  by  nico- 
tin. 

2.  Stimulation  of  Auerbach's  plexus:  peristalsis  spreads 
and  is  inhibited  by  nicotin. 

3.  Inhibition  of  the  splanchnics :  tlie  effect  is  not  obtained 
if  the  dru^  is  used  after  section  of  these  nerves. 

4.  Increased  circulation:  the  effect  is  abolished  if  the 
pressure  is  rctunted  to  normal. 

Tfac  Afif  'fffff'nf  liii«  n  mcchaiii&ra  similar  to  that  of  Ihc  ^mftll ;  thr  iro- 
pdflaoce  of  the  local  mechinixm,  however,  decreases  toward  the  tower  porlion 
cflbc  gM  Aftd  15  iKi4  concerne<l  in  iWreCuliuii,  ttie  central  inechaoijun  becoming 
men  pnimiaeflt.  llie  bympalhetic  'f->  licrc  al»o  inhibitory,  tfac  motor  nerve 
ien  bau  coats  being  the  pelvic  >-iJK;eral. 


With  morphin  the  most  suggestive  results  are  observed 
on  the  rabbit. 

Trip  a-niliration  of  a  cxTstal  of  NaCI  to  the  mnimlar  coat  of  the  unpoiaancd 
iW'-  <  e<  a  constriction  abnve  the  point  of  application — 1. 1.,  the  effeci 

u  u.-  ..  :tt  that  produced  by  inechanicul  siimuli,  and  i&.  ihereforr,  due  to 

rtfanoUoon  of  Auerbach's  plexus.      (A  crystal  oT  KO,  on  the  other  hand,  pro- 
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doOM  a  conslrictioii  ring  which  remnins  conbned  to  the  point  of  application, 
•ad  iSf  Iberefure,  myogenic  in  origin.) 

Small  doses  of  moiphin  prevent  the  spreading  of  the  NaCl  stimutation  erea 
wh<?n  the  mcwntenc  ncrve»  have  been  divided.  Its  action  is  therefore  per- 
ipheral, and  inuBi  cuim<it  in  eiUier  siimuUtiun  uf  the  Kptanchnic  endings  or 
[Minily<<i<t  of  Auerbach's  plexus  ;  vciy  prfilmbly  the  latter.  But  Inrge  doses  oC 
morphin  do  not  have  this  etfect,  and  this  inakes  any  explanatiou  extremely 
tinsa  ti  ))f uctor\'. 

ileroin  does  not  affect  the  inteftline. 

Those  are  all  the  facts  known  at  tlie  present  regarding 
this  mutter,  untl  all  that  they  teach  is,  that  with  man  and 
certain  animals  nior|jhin  diminishes  peristalsis  by  some  per- 
ipheral action,  proU'ibly  through  paralysis  of  Auerbach's 
plexus;  whereas  with  other  animals  it  increases  peristalsis, 
probably  also  through  a  peripheral  action. 

This  action  is  obtained  better  with  opium  than  witli  mor- 
phin on  account  of  the  greater  lociil  action  of  crude  drugs 
as  compared  with  alkaloids. 

(c)  Secretions. — Our  knowledge  in  regard  to  this  .subject 
is  also  unaatistactury.  Whilst  niorpliin  generally  tend^  to 
check  the  salivary  as  well  as  the  bronchial  secretions,  yet 
the  saliva  is  ver)'  frequently  increased.  When  this  occurs 
in  early  stages,  it  may  be  attributed  to  nau.sca,  but  it 
sometimes  occurs  rather  too  late  for  this  explanation  to 
hold,  and  it  is  possible  that  the  medullar^'  salivation  center 
is  involved.     The  sweat  is  increased  through  tlie  erj'tlicnia. 

Heroin  also  increases  saliva  and  sweat 
The  appetite  is  diminished   on  account  of  the   lessened 
perception  of  hunger  and  through  gastric  derangement. 

(d)  Metabolism  is  also  lessened  on  account  of  the  quiet 
condition  of  the  animal  and.  in  prolonged  observations,  on 
account  of  the  disturbed  tligcstion.  The  CO„  is  increased 
in  the  blond  through  the  asphyxia.  The  nitrogen  excreted 
is  also  lessened.  Ihat  the  lessened  output  of  CO,  is  really 
due  to  depression  is  shown  by  the  fact  that  it  is  increased 
in  the  cat.     The  asphyxia  also  causes  glycosuria. 


I 

■ 


in.  ABSORmON.  FATE.  AND  EXCRETION. 
Morphin  is  readily  absorbed  from  all  surfaces,  and  to 
some  extent  even  from  the  unbroken  skin.  Its  further  fate 
was  for  a  long  time  problematic.  Although  contradictor>' 
claims  have  been  made,  it  is  now  conceded  that  only  the 
very  faintest  traces,  if  any.  arc  excreted  through  the  urine. 
Nor  does  this  contain  any  morphin  derivatives.     Recent 
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investigations  have  sliown  that  afler  liyixxlermic  injections 
up  to  66fo  is  excreted  through  the  intestine.  This  lai^e 
percentage  holds  only  for  acute  poisoning.  It  is  vGry  much 
reduoed  in  chronic  poisoning,  as  will  be  described  under 
that  heading. 

Some  of  the  morpliin  is  also  excreted  by  the  milk  and 
may  cause  morphinism  in  sucklings.  The  rest  is  decom- 
posed in  the  body. 

Some  interesCtng  problems,  so  fu  unsolved,  arise  in  this  cocnection  :  Whkt 
Are  Uw  «nd  products  ?  An:  tlie  cluiiges  the  s*iav  id  Trogs  u  in  wurm-Moodcd 
ajiimals^  |n  what  orgnns  il()e«  the  dr-Compo.Mlion  take  place?  In  regnrd  to 
lite  last,  it  Kfts  been  fttuiuD  that  it  i»  not  destroyed  when  blood  conluniiig  it  is 
circulated  tbrou^h  the  spleen  or  liver. 

The  substances  which  cause  the  characteristic  odor  of 
opium  are  excreted  largely  by  the  urine,  and  to  some  extent 
also  by  the  breatli,  sweat,  and  milk. 

I  IV.   COMPARISON  OF  MEMBERS  OF  GROUPS. 

The  otlier  members  of  the  morphin  series,  as  well  as 
those  of  other  PapavcraccK,  serve  as  connecting  links  be- 
tween str>'chnin  and  chloral. 
This  U  illusUvted  iu  the  fullowtng  table,  which  alK>  shows  by  .^  the  rela- 
lioB  to  tbe  cucoin  and  curare  f^nnip?  : 

/,'arv0fiir  atticn  f>rfj,tminatti : 
4  Ch\i<nX 

•  Prutopio,  Cryptopin,  Chclidoniii,  •>-Cocain,  Homo- 
chelidonin,  and  Cbelerythrin 

Morphio:  ukcs  about  central  position 

Ptpavcriu 

HeraJD 

Codeio 

NarcuCin 

*S«u^aaiiD 

TttefaAio 

Loudaniu 

Bntcio 
Y  Strychnin  ^Methyl-strychnin,  Curare. 

SUmuIatiMg  aition  frtiiominaitf  : 

It  will  be  seen  that,  through  its  narcotic  action,  morphin 
[is  related  to  the  alcohol  group  and  to  Cannabis  Indica  ;  to 

:  latter  also  through  its  stimulating  action  on  the  higher 

motor  centers.     Through  its  stimulating  action  on  the 

Fcord  it  is  related  to  str}'chnui.     A  sub-class  of  this  group, 

Itiie   protopin    group,   also   estabhshes   a   connection   with 

Icocain,  in  paralyzing  peripheral  sensory  nerves. 


'Frotc^iD  group. 
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The  members  of  the  protopin  group  (protopin,  crypto- 
pin.  chcliiionin,  homochclidonin,  and  chclcrj-thrin),  which 
are  found  to  some  extent  in  opium,  but  especially  in  other 
Papaveracea;,  cause  paralysis  of  the  sensor)'  endinys  in  the 
mariner  of  cocain.  They  also  produce  a  paralytic  change 
in  the  striped  muscle  endings,  so  that  stimulation  with  in- 
terrupted current  only  produces  a  series  of  verj'  rapid  and 
complete  contractions  and  relaxations  instead  of  a  continu- 
ous tetanus.  The  heart  muscle  is  also  depressed,  so  that 
the  heart  is  weak  and  slow.     The  respiration  is  stimulated. 

A  preparation  of  MnguiTuiria  cxaminrd  by  ibi;  aiilhnr  hftd  very  IJtilc  Action 
OD  (he  licart,  and  wns  purely  depressant  to  the  central  nervous  system,  ihe 
redcxn  being  diminiiihcd,  tlic  icspiration  slow  and  Oiallow,  and  dealh  occur- 
ring ihrongh  respiratory  paralysis.  No  secondary  tetanus  was  noticed  on  the 
frog.     This  interesting  drug  requires  fiiTther  invcsligaiion. 

With  the  exception  of  sanguinaria,  the  members  of  this 
group  have  little  or  no  therapeutic  importance. 

V.  CHRONIC  OPIUMISM. 

The  first  Authentic  record  tif  the  habitual  use  of  opium  falls  in  the  beginning 
of  the  sixteciitli  cent\ir}'  It  is  iiientioued  in  1511  as  an  imprmant  ailide  in 
import  from  Ki»t  India.  In  1516  its  exleiixLvc  babiivial  u>e  in  Cochin  China 
is  recorded.  Fn.im  ibis  time  on.  mention  Ijecoine^  mme  frequent.  It  vronld 
Kcm  that  its  use  is  much  uldei  in  India  tbati  in  Turkey,  and  lliat  the  Muluun- 
inedans  learned  it  (lirmigb  the  «:un*]ue.<tt  of  llie  ftinner  country.  Their  acquaint- 
ance  with  HaschiKh  is  of  much  ejirlier  dale. 

Opium  users  introduce  the  drug  in  three  diflerent  ways  ; 
by  smoking,  by  eating,  or  by  hypodermic  injection  of  mor- 
phin.  Smoking  is  the  form  mainly  practised  in  the  ICast, 
and  is  not  uncommon  in  the  United  States.  A  perfumed 
solid  watery  extract  is  smoked  with  a  special  apfiaratus. 
This  manner  of  using  opium  produces  a  form  of  intoxi- 
cation differing  from  that  of  alcohol  in  that  it  causes  greater 
energy,  vividne.ss,  and  sharpness  of  imagination.  The  half- 
conscious  victim  is  removed  from  the  unpleasant  reality  into 
a  realm  of  glowing  fancy,  in  which  he  visits  the  highest 
heavens  ;  but  only  to  awaken  in  a  few  hours  to  sensations 
similar  to,  but  much  worse  than,  those  following  alcoholic 
excess.  There  is  but  one  relief  for  his  miserable  sensations 
— more  opium — whicli  he  takes  until  his  supply  of  money 
is  exhausted. 

The  con.sequcnccs  are  similar  to  thn.se  of  other  forms  of 
opium  using,  but  smoking  seems  rather  more  firing  to  the 
imagination,  perhaps  because  of  the  stimulating  effect  of  the 
smoke  itself      It  is  less  disturbing  to  the  alimentary  canal 
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because  the  alkaloid  does  not  come  into  such  direct  contact 
Besides,  the  cjuantity  consumed  in  smoking  must  necessarily 
^be  more  moderate. 

^H^  Thb  deseripCton  of  the  bad  effects  appKes  mainljr  to  the  Europeaa  races. 
^BCnriaasly  pnou^,  Eastern  mces  are  not  afFwiwl  in  ihe  Mme  way.  They 
^■■Dokc  opium  more  as  a  European  smukes  I<jbacco.  Though,  of  course,  tn- 
^Bcapoble  of  doing  work  while  under  Ihc  influence,  (he  lethargy  need  nut  last 
^■longer  than  hall'  an  hour,  when  they  ran  ri'sume  iheir  biisine.vi.  Xor  da  they 
^*lhoir  tb«  moral  degeucrations  w  striking  in  tlie  Wc»teru  usen». 

Opium  eating  and  the  hypodermic  use  of  morphin  show 
exactly  similar  phenomena  and  sequels.     These  forms  of 
orphinism  cannot  even  boast  of  the  delusive  pleasures  of 
'smoking,  though  it  cannot  be  denied  that  opium,  even  when 
taken  by  the  mouth  or  through  the  skin,  produces  at  first 
mc  of  that  somewhat  negative  pleasure  wliich  consists 
ore  in  a  brutish  indifference  to  surroundings  than  in  any 
actual  enjoxment.      In  smaller  doses  the  capacity  for  enjoy- 
ment may  even  be  increased,  just  as  with  alcohol,  by  rc- 
oval  of  the  ordinarj*  restraining  impulses.     But,  not  to 
icndon  the  final  cost,  even  this  pleasure  soon  fades,  and 
e  lung  the  famed  dreams  of  the  opium  cater  degenerate 
into  nightmares  quite  as  had  as  those  of  delirium  tremens. 
The  opium  eater  now  takes  his  drug  not  because  he  wants 
;.  but  because  he  cannot  get  along  without  it.  When  it  has 
ince  taken  a  thorough  hold,  morphini.sm  must  be  considered 
'X  so  much  as  an  indulgence,  a  pleasure,  or  a  vice,  but  as  a 
real  disease.     The  organism  having  become  accustomed  to 
working  under  its  influence,  revolts  in  a  ver)'  violent  manner 
ainst  its  withdrawal.     Symptoms  result  which  are  sonie- 
ing   fearful   objectively ;    there  are   neuralgias,  digestive 
rises,  and  even  dangerous  collapse,  and,  subjectively,  sen- 
>ns  simply  terrible  to  the  patient,  but  apparently  incapable 
of  description. 

One  of  the  most  striking  and  instructive  facts  in  tliis 

ipium  habit  is  the  remarkable  tolerance  which  is  acquired 

iward  the  poison.      Quantities,  which  with  ordinary  indi- 

iduals  produce  death  with  absolute  certainty,  are  borne  with 

munity.     The  largest  daily  quantity  ^i  morphin  reported 

is  5  5  Gni.,  which  equals  85  grains,  or  one  and  two-thirds 

'f  the  ordinary  bottles.     Even  larger  doses  arc  mentioned 

men  in  charge  of  institutions  for  treating  morphinism. 

Too  touch  weight  must  not  be  atiached  to  the  slalements  of  the  pntienu,  for 
Ibeie  go  10  ndb  an  iniiitation  with  the  theory  thai  their  daily  quantity  will  be 
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cut  dowu  Accrlaio  pciceiitagc  niul  lluU  tbetr  aUowance  will  be  the  la^er,  the 

more  they  claim  to  be  using. 

But  the  fact  stands  absolutely  unquestioned  that  extra- 
ordinarily large  doses  can  be  taken  daily  without  producing 
acute  symptoms,  and  arc  even  necessary  to  prevent  tlie  with- 
drawal syniptoms.  This  immunity  to  morphin  is,  however, 
never  absolute,  and  death  from  overdoses  forms  the  most 
frequent  "  excitus  letalis  "  of  the  morphinist. 

The  abstinence  symptoms  are  something  very  difficult  to 
explain,  and  so  far  they  have  been  demonstrated  only  with 
morphin  and  cocain. 

ll  has  been  suggested  that  these  Hvmploins  irrc  prwiuced  by  prmliiels  nrisiog 
through  the  decompuhitiou  of  morpliiii  in  Uic  body.  'I'hcse  products  h»vc, 
■ccordiQg  lo  Uiis  lheur>-,  an  sctiun  antagonistic  tutnurphin,  mj  dial  ihc  greater 
fttnouiil  of  morphin  intrrxlticrd  wcmUI  be  used  in  Tieiilraljzing  Ihrir  nction.  but 
woald  by  il!;  own  decomposition  again  increase  (he  ainotinl  to  be  neutTnlived. 
It  in  claimed  tlial  one  of  the  oxidation  products  of  morphin,  oxydimorphiu,  hu 
such  an  aijlinn,  and  thai  it  is  found  in  the  excretionsoi  morphin  palient&.  Ifolh 
these  statements  hive,  however,  been  contradicted,  and  areprob«bly  incorrect 

The  tolerance  is  explained  by  the  itureascd  foivcr  of  Ifu 
organism  to  destroy  the  poison. 

Fnnit,  in  a  recent  rewnrch  on  Thi«  -nibject,  recovered  fmm  the  fecM  of  adof 
66|^  of  the  morphin  adminiNtered  hypodermicnily,  when  the  poisoning  was^ 
■cuic.  In  the  fi:cea  of  the  twetity-tirst  to  twenly-fourth  day  of  tne  adminislni- 
lion  he  only  rrciivered  2t>^  ;  from  iwenty-nine  to  lltirtytwo  days,  Sjf.  :  from 
ibirty-iix  to  fony  days,  4%  ;  and  if  still  longer  continued,  none  at  all  ;  and 
this  notwithMandiiig  the  faa  that  the  Inter  doii««  were  very  much  larger  than 
the  original  di«es  (fifty  times  (he  origifi«l  oninunt).  Inrittrnlally,  lie  found 
exActly  the  same  symptoms  of  chronic  moTphinism  in  the  dog  as  exist  in  man. 
The  animals  >howed  signs  of  unea»inrwi  for  the  morphin,  they  Itecame  very 
restlest  when  ihe  time  fur  the  injection  apprtaichcd,  and  one  dog  gave  every 
sign  of  satisfaction  when  the  syringe  was  intmdaced  1  Tolerance  was  won 
esialilt^hed,  m>  that  after  twenty  days  u  duse  ten  times  as  large  a^  that  which 
originally  fiAve  a  very  sirnng  eflect  had  little  actitni. 

It  is.  of  coufite.  permitted  to  asMimc  the  production  ofnn  enttrenom  which 
cnusca  this  iacrenicd  destruction  ttf  the  mt>T])hin,  and  it  liai  been  claimed  itiat 
the  Krum  ami  leiicucytcs  of  an  habituated  animal  tmmuniic  againtt  Ihe  acute 
effects  of  iTK-rphin.     This  statement  needs  c<*nfitmation. 

While  it  seems,  therefore,  that  the  attractive  theory  ad- 
vanced to  account  for  the  abstinence  sj^mptoms — namelj', 
that  they  are  due  to  tlte  formation  of  a  toxic  substance 
(oxydimorphin) — mu.st  be  abandoned,  the  fact  still  remains 
tliat  opium  users  cnn  be  blamed  only  for  the  first  step,  and 
deserve  only  pity  fnr  the  continuance  of  the  habit. 

The  later  coniftfueiucs  of  opiumism  arc  insidious,  but 
none  the  less  (.langcrous.  For  years,  victims  of  tlie  habit 
may  appear  quite  normal  to  superficial  observers,  but  closer 
attention  would  even  tlicu  reveal  signs  of  tlie  disease.     The 
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physica]  consequences  relate  at  first  to  the  digestive  tract 
There  is  obstinate  coniitipation,  alternating  later  wth  equally 
obstinate  diarrhea.  There  is  loss  of  appetite  alternating 
with  voracious  hunger  and  thirst  ((X)lydipsia).  and  polyuria. 
These  disturbances  of  digestion,  as  well  as  the  more  direct 
action  of  the  drug,  are  not  long  in  showing  their  effects 
upon  the  rest  of  the  body.  The  patiint  loses  flesh  rapidly 
and  sutlers  from  marasmus  and  cachexia. ' 

There  is  a  peculiar  cirrhosis  of  the  skin,  and  the  condi- 
tion of  the  integument  is  rendered  still  worse  by  the  local 
effects  of  the  injection  wlicn  the  drut;  is  used  h\-puder- 
niically.  The  whole  skin  may  be  mottled  with  scars  and 
marks  of  recent  or  older  injecti<»ns,  and  abscesses  arc  often 
produced  through  want  of  cleanliness.  Even  when  the  drug 
is  used  by  the  mouth,  the  entire  skin  often  acquires  a  peculiar 
waxy  appearance. 

Other  physical  disturbances  also  exist.  The  pupillary 
and  accommodation  movements  are  affected.  The  fwart  is 
irregular.  Albuminuria,  gtycosHria,  amenorrht-a,  and  impo- 
tence are  frequent.  Fciurs  resembling  simplex,  intermittent, 
and  typhoid,  aa'  often  seen.  The  motor^ninmus system  also 
shows  considerable  change :  nervous  tremors,  increased  re- 
flex irritability,  etc.  These  conditions  sooner  or  later  weaken 
the  resisting  powers  of  the  patient,  so  that  he  falls  an  easy 
prey  to  s<ime  ntlier  ailment,  and  thus  rarely  reaches  old  age. 

The  effects  of  the  opium  habit  upon  the  character  of  the 
patient  are  even  more  deplorable.  This  soon  sinks  to  the 
very  lowest  level.  With  a  certain  amount  of  low  cunning 
*  be  combmes  a  total  unscrupulousncss.  and  it  is  very  doubt- 
ful whether  the  testimony  of  an  opium  u.scr  can  ever  be 
accepted,  even  in  instances  which  do  not  affect  him.  He  be- 
comes absolutely  incapable  of  any  effort.  Dut>'  no  longer 
a}^>cals  to  him,  and  in  order  to  escape  it.  or,  still  more,  in 
order  to  obtain  his  drug,  he  will  resort  to  any  lie  or  any 
trick,  no  matter  how  dishonest.  He  will  promise  every- 
Uiing  and  fulfil  nothing.  Were  he  not  so  cowardly  and 
disinclined  to,  or  rather  incapable  of,  any  effort,  he  would 
be  fit  ^ot  any  crime.  His  condition  is  all  the  more  unhappy 
since  he  fully  realizes  it  and  sees  himself  in  his  true  colors.  He 


*  TleiC  ne  two  Ui-deftncd  termv     Tlic  forrarr,  niaTa.<iinu«,  st|^ifrmg   s 
mkacd  low  coocUooa  of  ttie  outrition  and  a  wAsling  of  the  f)c5h  witboat 
'  apiMwit  orjsntc  cause.     Cacb«xi&  also  indicates  a  wasting;  of  the  Ixxly,  with 
MMM  linking  cbiuige  in  the  features,  whtcb  are  usually  pinched  and  yellow. 
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makes  grand  plans,  and.  at  the  fsamc  time,  knows  that  he  can 
never  summon  the  energy  even  to  begin  them.  Add  to  this 
the  fact  that  he  is  a  social  outcast,  and  it  is  difficult  to  imagine 
a  more  uiihapjiy  condition.  To  the  piiysician  he  should  ap- 
peal as  a  suftcrcr,  as  one  afflicted  with  a  form  of  insanity; 
one  who,  like  any  other  insane  patient,  should  be  treated  with 
unfliticliin^  finnncss,  but  with  the  most  considerate  kindness. 
Only  in  this  way  will  it  be  possible  to  help  him.  He  is 
himself  devoid  of  the  necessar>'  will  power,  and  this  must  to 
some  extent  be  supplied  by  his  physician  and  attendants. 
In  this  connection,  as  in  tlic  other  drug  habits,  suggestive 
theraixjutics  offers  a  promising  prospect,  but  has  not  perhaps 
been  sufficiently  tried  to  permit  a  final  jud<;n]ent  as  to  its 
value.  As  to  the  ordinary  medical  treatment,  this  may  be 
summarized  under  two  headings  :  rcmvz'al  of  the  tiru^  ;  and 
supporting  and  symptomatic  measures.  The  removal  must 
be  done  with  great  care,  and  is  best  carried  out  in  special 
institutions,  where  a  careful  surveillance  of  the  patient  is  pos- 
sible, both  to  pre\ent  his  obtaininjj  an  extra  supply  of  the 
drug,  and  to  be  able  to  control  the  symptoms.  It  has  been 
attempted  to  stop  the  habit  by  removing  the  drug  suddenly  ; 
by  very  gradually  diminishing  the  doses ;  and  by  diminish- 
ing tlie  dose  quite  rapidly.  The  first  is  useless  cruelti',  and 
may  even  bo  dangerous,  TIic  second  docs  not  usually 
accomplish  the  de-sired  result.  The  last  Is  certainly  the 
best.  According  to  this  method,  the  drug  is  removed  just 
as  rapidly  as  can  be  borne  by  the  patient  without  produc- 
ing any  very  violent  reaction.  No  iroti-clad  rule  can  be 
followed  by  which  this  reduction  may  be  accomplished.  At 
the  s;ime  time  the  system  is  built  up  by  proper  hygienic 
measures.  The  ap^wtite  often  needs  to  be  sustained  by 
bitters  and  other  tonics.  Sleeplessne.ss  is  a  very  frequent 
complication,  and  must  be  met  by  bromids,  chloral,  or  some 
of  the  hydrocarbon  hypnotics.  To  combat  morphinism  by 
cocain,  codcin.  heroin,  or  other  drugs  which  merely  replace 
the  morphin  habit  by  some  other  habit  equally  bad.  is  of  no 
benefit  to  the  patient.  Tiiorough  cleansing  of  the  bowels 
with  emetics  and  cathartics  at  the  beginning  of  the  treat- 
ment is  very  useful,  and  it  is  perhaps  to  this  that  pilocarpin 
owes  its  success.  This  drug  has  been  employed  on  the 
theory  that  it  removes  the  hypothetic  decomposition  pro- 
ducts. As  far  as  may  be  judged,  it  has  given  good  results, 
whatcx'cr  the  explanation. 
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The  cure  is  rarely  permanent.  Patients  usually  drift  into 
the  morphin  habit  to  relieve  some  existing  condition. — r.  ^., 
sdalica, — and  this  condition  will,  of  course,  reappear  when 
the  morphin  is  removed  and  then  force  them  to  again  begin 
its  use.  And  besides,  persons  who  liave  once  been  mor- 
pliinists  show  by  that  (act  that  they  are  more  apt  than  normal 
indi\iduals  to  succumb  to  the  dangers  that  onginally  over- 
came them. 

Opium  hahit  in  children  is  unfortunately  not  at  all  rare, 
and  it  is  usually  stirted  by  indiscriminate  employment  of 
paregoric  and  other  soothing  syrups.  They  present  the 
t>i>ical  symptoms  already  described.  Withdrawal  of  the 
medicine  is  followed  by  restlessness,  wakefulness,  and  ever}' 
indication  of  suffering  and  distress.  The  treatment  would 
be  mainly  hygienic. 

Vn.  TOXICOLOGY  OF  MORPHIN  AND  OPILTM. 

Opium  is  a  very  frequent  means  of  suicidal  poisoning,  and 
accidt^ntat  overdoses  are  not  at  all  rare.  It  is.  however,  one 
of  tiie  rarer  poisons  in  criminal  cases,  since  its  action  is  so 
slow  and  the  symptoms  so  t>'pical. 

Symptoms. — To  sum  up  the  symptoms  of  morphin-  or 
opium-poisnning  from  a  toxicologic  point  of  view,  the  first 
to  be  noticed  are  j^iddiness,  confusion,  and  stupor,  this  termi- 
nating gradually  in  complete  in.sensibility.  The  respiration 
u  slow,  the  pulse  full,  slow,  and  laboring,  eyes  closed,  pupils 
usually  contracted  and  insensible  to  light,  and  the  face  red. 

As  the  poisoning  advances  the  skin  bccumes  pale  and 
cold,  and  moist  with  perspiration,  the  lips  are  livid,  tlie 
breathing  slow  and  stertorous,  tlie  pulse  feeble  and  almost 
iinpcrcc]>tiblc.  the  limbs  relaxed  ;  but  death  is  sometimes 
preceded  by  asphy.xial  convulsiorus. 

The  symptoms  usually  appear  in  from  ten  minutes  to  one 
hour  after  the  drug  has  been  taken  by  the  mouth  ;  perhaps 
half  on  hour  is  the  most  common.  Death  occurs  in  from 
two  to  twelve  hours. 

If  the  patient  rcrtrivrs,  there  is  a  great  deal  of  persisting 
iiausea,  nervousness,  and  headache.  With  therapeutic 
doses,  however,  the  i>aticnt  may  awaken  refreshed.  Re- 
covery is  possible  even  when  convulsions  and  coma  have  set 
in.  Tlic  former  disappears  and  the  coma  gradually  passes 
into  a  long  sleep,  often  lasting  from  twenty-four  to  thirty- 
six  hours. 
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On  account  of  tlic  treatment,  it  is  extremely  important  to 
establish  the  differential  diagnosis  of  the  origin  of  a 
coma.^  Those  forms  of  coma  %vhich  might  be  confounded 
with  mqrphin  are  ;  alcoholic  (chloral),  uremic  and  diabeCk. 
epileptic,  and  apoplectic. 

One  of  the  most  important  point-*;  is  furnished  by  the 
pupils.  If  these  are  liilated,  the  coma  is  probably  alcoholk, 
but  may  be  diabetic.  With  pin-point  pupUs  the  coma  is 
either  from  opium  or  pontine  apoplexy.  If  the  latter,  they 
are  ver>'  often  unequal,  and  on  lifting  the  arms,  une  may 
often  detect  a  paralysis. 

The  pupils  respond  readily  to  light  in  epileptic  coma,  not 
in  the  others. 

Just  before  death  the  pupils  liecome  dilated  from  the 
asphy.sia.  (In  the  dog  the  pupils  are  usually  dilated 
throughout  the  poisoning.) 

The  smeii  of  the  breath  furnishes  presumptive  evidence  of 
tf/if(j/fff/-poisoning.  but  it  is  not  a  definite  proof,  since  this  sub- 
stance is  often  yiven  as  an  antidote,  and  is  so  often  present 
in  quantities  which  would  not  cause  a  coma.  The  smell  is, 
however,  usually  characteristic  oUf/Hum,  trrewiij, ind  diabetes, 
but  not  of  morphin.  Uremia  would  also  be  characterized 
by  albumin  in  the  urine. 

There  are  yet  other  forms  of  coma  which  may  Ise  confused 
with  tlicse.  but  no  rules  can  be  laid  down  for  them.  The 
history  is  often  of  the  greatest  iniportince. 

The  /j;//f>/^r  shows  nothing  characteristic.  There  are  the 
usual  phi-nomcna  of  asphyxia.  The  pupils  are  variable. 
The  mucous  membrane  of  the  stomach  is  sometimes  red- 
dened. If  the  poisoning  has  been  by  opium,  one  may  dis- 
cover its  characteristic  odor. 

Treatment  of  Acute  Opium-poisoning. — The  first  indi- 
cation is  to  empty  the  stomaeh,  and  this  no  matter  whether 
the  drug  has  been  taken  by  the  mouth  or  hypcjdermically. 
If  narcosis  has  already  set  in,  emetics  may  act  too  slowly, 
and  it  may  be  neccs.sary  to  employ  a  stomach-pump.  The 
patient  should  be  kept  awake  as  far  as  po.ssible  and  in  eon- 
stant  mifi>ement,  since  tliis  contributes  to  the  better  tone  of 
the  medullary  center.  Other  general  refiex  stimulaytts  may 
be  employed,  such  .is  eold  ablations,  the  Inhalation  oi ammonia 
in  the  form  of  smelling  salts,  hypodermic  injections  of  ether. 

*  CoRU :  A  condtrion  o(  insensibititj  from  which  tat  pilient  canDol  fie 
vonsed. 
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etc  CaiTein,  especially  in  the  form  of  strong,  blaclc,  hot 
efij^ff,  is  the  best  antidote,  and  given  in  this  way  the  tannin 
is  also  useful.  Potosstum  permaitganaU  has  lately  been 
warmly  recommended,  it  is,  of  course,  only  efficient  on  tliat 
portion  of  the  poison  present  in  the  stomacli,  and  then  only 
if  the  stomach  ts  cmpty\ 

Another  physioioj^c  antidote  is  atropin,  which  also  stim- 
ulates the  upper  portion  of  the  central  nervous  system. 

Thr  kiitagoiUMn  ciUt^  only  if  llie  dottcs  v^  both  jiuiMioit  bcc  coiii)>ri>e(l  within 
definite  limits.  Ai/ffff  of  1.5  m%.  d^g  grain)  of  atrupio  sulphite  sfaouk!  be  givtm 
a»  aooa  as  pos&ible,  and  thi*  aboulii  rnti  he  repeated. 

The  patient  should  be  kept  warm.  If  the  breathing  sliows 
signs  of  failing,  artificial  respiration  should  be  supplied. 

When  the  danger  is  over,  the  comtipation  which  usually 
follows  should  be  relieved  by  cathartics  and  enemata. 

The  /d/rt/  liost  of  morphin  for  man  is,  on  the  average,  0.4 
Gm.  (6  grains) ;  or  of  opium,  3  Gm.  (45  Rniins).  The  possi- 
bility of  idiosyncrasy  must  be  borne  in  mind  :  as  little  as  0.2 
Gm.  (3  grains)  of  opium  (—  ^  gi*.  morphin)  is  said  to  have 
been  fatal  in  one  case. 

The  fatal  dose  of  morphin  for  dogs,  given  intravenously, 
is  0.1  Gm.  per  kilo  of  the  hydrochloratc;  hyptidcnnically, 
0. 1 5  Gm.      Pigeons  arc  very  tolerant 


Vin.  THERAPEUTICS. 

Aforphin  and  opium  are  ilrugs  which  arc  used  against 
€On<isticns^  and  not  against  diseases ;  i.  e.,  they  may  be  em- 
ployed in  almost  any  disease  if  the  conditions  demanding 
them  arise. 

The  conditions  indicating  morphin  are  mainly  the  follow- 
ing :  to  UsscH  pain,  to  produce  sleep,  to  check  peristalsis,  and 
tc  SMppTfss  cough. 

1.  Pain. — Since  the  lessening  of  pain  is  its  first  effect, 
small  doses  only  should  be  employed  for  this  purpose.  It 
will  be  remembered  that  it  is  effectual  especially  against 
persistent  pain,  and  in  tlii.^  it  is  almast  specific,  surpassing 
in  analgesic  action  any  otht-r  drug,  Hence,  pain  ahvays  iti' 
dieates  morphin.  The  local  application  is  of  no  advantage. 
As  an  analgesic  morphin.  especially  hypodcrmically,  has 
the  preference  over  ojjium. 

2.  Insomnia. — Morphin  will  be  useful  esjwcially  when 
this  is  produced  by  pain,  but  not  when   it  is  the  result  of 
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nen'ousness.  Besides  it.*;  superior  analgesic  properties  it 
surpasses  chloral  in  not  aiTecting  tiie  circulation.  The  two 
are  very  usefully  combined 

Some  of  the  disadvantages  of  opium  are  :  the  tendency 
to  constipation,  to  nausea,  or  gastric  disturbances  ;  and  in 
some  individuals  it  has  an  excitant  action  instead  of  being 
hypnotic.  In  insomnia  one  must  be  ever  mindful  of  the 
danger  of  the  formation  of  a  morphin  habit. 

3.  Peristalsis.— Opium  especially  is  extremely  useful  in 
diarrhea  due  l""'  acute  intestinal  catirrh.  Hy  cht-ckinjj  the 
penst-iltic  movement,  it  gives  a  chance  for  rest  and  repair. 
and  tluis  leads  to  permanent  cure.  It  is  one  of  the  most 
important  ingredients  of  the  so-called  cholera-mixtures.  In 
the  constipation  of  lead-poisoning  which  is  due  to  tetanic 
contraction  of  the  intestine,  it  relieves  this  spasm,  and  with 
it  tile  pain.  It  is  also  very  useful  in  ptrifonuis  in  rcheving 
the  pain,  botli  dirt:ctly  and  by  lessening  the  movements  of 
the  intestines  wliicli  arc  giving  rise  to  it. 

Tyrotoxicon- poisoning  is  au  excepUoD,  fur  in  thU  morphin  is  only  lurmful. 

4.  Cough. — Morphin  and  other  members  of  the  group 
depress  tlie  sensibility  of  the  respirator)'  center  to  reflex 
stimulation,  and  morphin  also  diminishes  the  amount  of 
bronchial  secretion. 

In  bn>Dchi(i:>  (he  cuugh  is  caused  by  reHex  stimulation  of  the  center.  The 
p.ilic.iit  Aim}  involuntarLly  oscii  llic  i>h«llt)w  respiration,  miicc  deep  ie>pini(ion 
pnngs  on  co\.if;hing.  These  condilions  are  removed  br  members  of  (be  moT- 
phtn  Mfies,  which  at  once  lessen  the  tendency  to  ouffhing  and  affect  (be  re- 
spiratory center  in  such  a  way  as  to  shiw  and  dtcpcn  the  respiratory  more- 
ments.  A»  in  particolar  members  of  (he  gmiip,  cudein  wn^  furtDerly  often 
used  because  it  is  devoid  of  the  inleslninl  action  of  ninr]»hin.  In  recent  ye*R 
it  hu  been  9iU|>cri«eded  by  heniin.  ns  (liis  cuusek  no  hendache  or  ga>itiic  dlsturb- 
»nce«  and  presents  the  least  danger.  Tliere  Is  as  yet  very  little  known  abont 
the  dangers  of  n  heroin  babil. 

When  the  bronchial  secretion  is  extremely  abundant, 
morphin  may  be  contraindicated,  for  then  the  cough  fulfils 
a  useful  function  in  cleansing  the  air-passages. 

Morphin  is  frequently  of  considerable  usefulness  in 
asthma  in  relieving  the  liistrcss  of  the  patient,  and  perhaps 
also  by  diminishing  tlie  reflexes  w  hich  give  rise  to  tliis  con- 
dition. (Strjxhnin  is  also  useful  in  this  condition  by  putting 
the  center  in  a  better  state  when  it  lias  been  fatigued.) 

5.  Other  Uses  of  Morphin.  —  Morphin  is  very  useful  as 
an  introduction  to  ^tturtil  attcstlusia^  given  hj-poderniically 
in  a  dose  of  o.oi  Gm.  (%  grain),  one-half  hour  before  the 
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administration  of  the  anesthetic.  It  lessens  the  amount  of 
the  anesthetic  necessary.  It  is  very  often  mixed  with  a 
small  dose  (j-J^  grain)  of  atropin,  the  latter  for  the  pur- 
pose of  paralyzing  the  vagus  endings  in  the  heart. 

Psychic  cxalUilions — i\  g.^  dclihuni  tremens  or  atropin- 
poisoning — require  very  laryc  doses,  which  might  become 
dangerous-  It  may,  however,  be  used  in  atropin -poisoning, 
whereas  in  delirium  tremens  it  would  not  be  indicated  be- 
cause it  itself  increases  the  nervousness. 

It  is  used  in  Utanns  for  the  purpose  of  removing  the  pain. 

Morphin  forms  quite  an  efficient  diaphoretic.  For  this 
purpose  it  is  best  given  combined  with  ipecac  in  the  form 
of  D<K'cr's  poii'diTS  against  coUls,  etc.  (Sec  Chapter  XIl, 
M).  Heroin,  on  the  other  hand,  is  recommended  against 
the  night-sweats  of  phthisis. 

Morphin  has  also  been  used  as  an  anti-emetic.  It  may 
be  conceived  tliat  it  is  of  benefit  in  depressing  the  vomiting 
center,  but  it  is  quite  uncertain,  and  may  itself  produce 
eniesis.  Some  members  of  the  group  are  even  usrd  as 
emetics,  e.  g.,  sang:uinaria,  but  this  drug  also  contains  an 
irritant  principle,  which  no  doubt  contributes  to  its  action. 
S.  is  useful  as  a  uauseaut  crpcctorant  in  couyh.  where  it  also 
depresses  the  respirator)'  center. 

Opium  is  also  employed  as  a  styptic  to  stop  hemorrhage 
in  inaccessible  situations.  Its  action  can  f>e  explained  by 
the  lessening  of  movements  which  It  favors,  and  conse- 
quently the  easier  formation  of  clots. 

Besides  in  those  diseases  already  mentioned,  morphin  is 
useful  in  the  following:  Phthisis,  through  its  action  on  the 
cough,  bronchial  secretion,  and  hemorrhage  ;  fever ^  through 
its  diaphoretic  and  hypnotic  action.  It  has  also  been  used 
in  fualariti^  but  with  doubtl'ul  results. 

The  use  of  opium  in  diabetes  is  instructive  in  showing 
that  a  drug  may  relieve  not  only  one.  but  several,  .symptoms 
of  a  disease,  and  still  be  only  symptomatic,  and  not  curative. 

Good  clinical  observers  claim  that  the  thirst,  polyuria, 
glycosuria,  and  itching  of  the  skin  are  all  markedly  dimin- 
ished. Part  of  this  action  nnist  be  attributed  to  the  anal- 
gesic effect,  while  the  influence  on  the  glycosuria  is  due  to 
its  action  on  digestion,  and  is  produced  in  the  same  way  as 
by  a  limitation  of  the  diet  or  by  nauscants.  As  a  matter  of 
fact,  opiophagic  diabetics  die  faster  than  others.  Codeiii  has 
been  used  instead,  but  without  any  marked  advantages. 
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Glycosuria  is  only  one  symptom,  which  results  from 
various,  and  as  yet  imperfectly  understood,  causes.  Each 
causal  condition  probably  requires  a  different  treatment,  but 
only  the  symptoms  are  comparatively  accessible  to  medicines. 
Of  these  syniptomatic  measures,  upium  is  perhaps  tlic  /cas/ 
harmless.  A  much  more  recommendable  measure,  pro- 
ducing results  in  the  same  way,  as  has  been  said,  is  the 
modification  of  the  diet;  tiiat  is.  the  exclusion  of  carlwj- 
hydrates  from  the  food.  This  is  of  considerable  value  in  fat 
persons,  especially  since  the  limit<ition  of  diet  favors  com- 
plete oxidation  of  the  existing  material ;  but  to  starve  an 
emaciated  person  must  be  considered  a  mistake. 

The  regulation  of  the  diet  should  be  arranged  in  such  a 
way  a.s  to  exclude  carbohydrates  as  far  as  possible,  and  the 
protcids  as  little  as  possible.  There  is,  however,  a  pctint 
beyond  which  carbohydrates  cannot  be  reduced  with  profit ; 
for  reduction  beyond  this  limit  favors  the  production  of. 
oxybutyric  acid  and  acetone,  a  most  dangerous  process,' 
since  this  is  probably  the  main  cause  of  diabetic  coma.  The 
limit  must  be  determined  empirically  ;  i.  r.,  carbohydrates 
should  be  entirely  withdrawn  until  the  glycosuria  has 
reached  it?  minimum,  and  then  should  be  gradually  in- 
creased until  tiieri;  is  a  marked  rise  of  the  sugar  in  the  urine. 
They  can  then  be  kept  a  little  below  this  point 

Sugar  should  be  excluded  from  the  diet  altogether  and 
be  replaced  by  saccharin  or  glycerin,  which  are  not  carbo- 
hydrates ;  instead  of  the  ordinary  bread  made  from  flour, 
a  bread  made  from  gluten,  and  therefore  starch-free,  can  be 
used. 

Although  this  is  purely  symptomatic  treatment,  rt  seems 
not  only  to  lessen  tlie  sugar  in  the  urine,  but  also  to  cause 
an  improvement  in  the  general  condition  of  the  patient. 
This  may  perhaps  be  explained  by  assuming  that  the  faulty 
oxidation  of  the  sugar  goes  hand  in  hand  with  tlie  produc- 
tion of  other  noxious  products. 

Since  the  underlying  causes  of  diabetes  are  connected 
with  metabolism,  many  drugs  which  have  an  influence  on 
the  latter  have  been  tried  empirically,  and  may  give  ^ood 
results  in  certain  cases.  The  .subject  is  still  too  obscure  to 
permit  of  judging  beforehand  whether  the  effects  of  certain 
drugs  will  be  desirable,  Such  drugs  arc:  arsenic,  quinin, 
iron,  phosphorus,  etc.  When  the  diabetes  is  connected  with 
syphilis,  mercury  very  often  gives  good  results.     Vanadium 
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salts  have  recently  been  introduced  by  French  clinicians,  but 
have  hardly  been  sufficicEitly  tested. 

Still  another  way  o(  affecting  the  oxidation  is  by  means 
of  exercise — the  proper  amount  being  determined  by  experi- 
ment. 

Cathartic  salts  are  also  useful,  perhaps,  in  removing  waate 
products  and  toxins  fmm  the  alinuntary  canal  and  improv- 
ing; the  digestive  functions.  They  arc  best  given  in  the 
forni  of  alkaline  salts  (bicarbonates  or  carbonates),  since  these 
prevent  the  tendency  to  the  development  of  diabetic  coma 
by  neutralizing  the  oxybutyric  and  other  acids  which  are 
the  cause  of  this  condition.     (See  Chapter  XXVI.) 


IX.  MATERIA  MEDICA. 

-%  Opfum  fU.S.P.,  R.P. )  —0/j«>w  (Meconium,  Theboicnm).— The  dried 
milky  juice  exuding  fttiin  the  excise^l  unripe  sced-cap*iule»  of  ihc  poppy.  /*iifia- 
ver  tummfetum^  Pikpavcnicca:.  A^iA  and  E^ypt,  cultivated.  Fair  Kiiiiples 
twie  al«u  bem  obtained  fTom  planU  cultiniled  in  California  and  MiniicMila, 
tnii  ibe  price  of  labor  makes  \\s  pnxtuclion  nnprufitable.  The  plant  is  often 
culliialnl  in  gardens.  Tbc  propurtiuo  uf  active  iDgTcdimts  varic>  greatly  in 
dillerriii  snmplrv 

Tlic  xapiitltt  (Paiwiveris  CapsuIiT,  B.P.)  and  sfedi  also  contain  the  active 
ninriplrs  ami  arr  -M-inietimes  u^rd.  Tlie  M-etU  contain,  in  nddiliun,  5(3%  aS  9. 
oluid  tixdl  oil,  nhicti  may  be  used  like  nlivc  oil. 

Alkatuida :  Murptiin.  Official  teqtiricment  (U.S.P.)  :  More  than  9^  id 
tnui.si  oplutn,  13  to  \^%    in  pr^wdcrcd  a|nuni ;    B.P.,  9^  to 

CodeiD,  o.a  too.7f$. 

Thebain,  0.15  In  1  %  (belonpi  to  aliTcfanin  group). 
Narcein.  0,03  to  0,7J{>, 
J*a|xivcrin,  I  %. 
Narcutin,  f  3  to  IOj( . 
Mrcnoic  and  lactic  acid,  gums,  resins,  Cuts,  odorous  priaciples.     No  stanh 
oc  tannin. 

Dae:  0.015  In  O.I3  Gm.  {%\Si2  gn.). 
PreftirtiiwHi  : 

.%  Opn  PuMU  (U.S  P.)  —Ihit.'  0.015  »"0-'3  Gio.  {%  to  agn.). 
Ofium*  Dffjfrntum  (U.S.F.). — Tbe opium  iseslinusted  by  eiheraud mixed 
witb  milk  sugar  40  as  to  contain  13  to  I5ftr  nf  nioq^hin.     The  (mnx)<>«  of  this 
tnanipulabon  is  10  remove  the  nircotin.     It  is  not  very  popular.     £>i>se  :  0.015 
to  0.12  On.  {%  loS  grs.). 

Preparations  Containing  Crude  Opium. 

r<^V,  U.S. P.:  Eaib  I  ^iiun  of  <»pium. 

*f  «pii  a  iamfikortz,  N.F.:  Each  I    grain  of  •piuoi  amis  grains  vf 

*fSimi*  vpii  el  fiittmbi,  N.F.:  Each  I  grain  mt  opium  and  t  grain  «f  lead 


♦  Not  ofBriat. 
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Pilula  Ptumhi  cum  Opic^  B.P.,  oootaliu  i^\%  of  opium.  Dcse :  ai  to 
0.25  Gm.  (a  104.  grs). 

Pihtla  Saponii  CamfiosUa,  B.P.,  coDtaitu  20^  of  opium.  Dcie:  0.1  to 
0.35  Om.  ^2  to  4  gn.). 

,*,  Pttivh  /pecacuankte  et  Opii,  U.S. P.  {I'uhns  iptcacuanha  centp.y  B.P. ), 
ContaiiM  10%  each  of  o[iiuin  and  ipecac     Doie  :  0.3  to  I.o  Gm.  (S  to  15  gn.). 

Puh/is  Kino  CcntposUm,  B.P.,  contains  5%  of  opium.  Dose:  0.3  to  1.3 
Gm.  (5  to  20grs. ). 

Puhfis  Crehr  Aromaticus  cum  Ofio,  IJ.F.,  cuntaitu  2.5j(-  of  opium.  Dote: 
0.5  to  2.$Gm.  (8  to  40  grs.). 

Suffcsitoria  Plumbi  Comfosi/a,  U.P.,  contain  I  grain  of  opium. 

Other  Solid  Preparations  of  Opium. 

Extra<tHm  O/iV  (U-S.P.,  B.P.).  Miidcwilh  water ;  contains  l8jt  morpliiu 
(U.S.P)   [30^,  B.P.].      Deit:  o.ooSloo.o6  (iin.  ( «i  to  1  gt.). 

Emplaitrum  OpH  (U.S.P.  =  6%  of  the  extma  ;  B.P.  =  lojt  of  opium). 

Solutions  of  Opium,  U.S.P. 
The  following  U.S.  P.  preiMntlioiis  all  couiuin  10%  of  powdered  opium  and 
have  a  4qu  of  0.3  to  1.3  c.c  (3  to  20  n\,) ;  all  are  miscihie  with  water  or 
alcohol ; 

^*^Tittclura  Opii  (Ijiudanum)  :  Made  with  ore-half  alcohol. 
Tiuefura  Opii  De&tiitnUi  :  Made  with  one-liflh  alcohol  after  eitiaustion  by 
eiher.     (This   is  similar  to  McMuim's   Elixir 
and  other  palcnf  |ire[»ralioai.J 
Aiftum      '* 
P'inum       " 


Compound  Liquid  Preparations  Containing  Opium, 
/w*  inttnuii  the  : 

Tinc/ur.f  iptx-ac.  tt  Opii,  U.S.P.;  Opium  and  ipecac  each  10%;  one-half 
alcohol.     Doif  :  o.a  to  1  c.c.  (3  to  15  n\,). 

^*^$YrupNs  /pf.tic.  el  Opii,  \.K-  (Uotcr's  syrup):  Eadi  dote,  4  cc.  (l 
dmchin)  =  0.35  Gm.  (5  grains)  of  Dover's  powder  of  .03  Gm.  (^4  gnin) 
each  opium  and  ipecac. 

^%  Tinciur%t  Opii  Otmpkorata,  U.S.P.  (Paregoric) :  4  c.c.  (I  drachm)  rrr 
0,016  Gro.  ( i^'  gmin]  opium.  Hits  i&  the  prcparalioti  of  opium  usually  given 
to  children  in  tiie  following  do^es  :  For  a  child  two  days  old,  2  dro[» ;  fiire 
day*  old,  5  drop*  ;  one  week  old,  6  drops ;  one  year  old.  to  drops  ;  two  years 
old,  12  drops  ;  ten  yeat^  old.  one-half  leai^poonful ;  odultii,  one  (easpoonful. 
For  External  Uie  : 

^*^/.ntu3  Opii  et  P/nrnfii,  N.F.:  Lead  acetate,  4.5  Gm.;  Titut.  opium, 
9  c.c:  water  q,  3.  350  cc. 

Liquid  Opium  Preparations  of  the  British  Pharmacopceia. 

Extrac/tim  Opii  I.iquiJum  :  contains  '^•75,'*  of  niurpliiD,  Dvie  :  0.6  to 
2  cc  (10  to  30  minims}. 

,%  Tincturo  Opii  {l.tiitJaHum)  :  contains  0.75%  of  morphia.  £hu  :  0.6 
to  3  c.c.  (10  to  30  mitums). 

Tiuct.  Opii  Ammoniala  :  contains  a.  1 25  %  of  nMnphin.  Date .-  a  to  4  cc. 
( t^  to  I  drachm). 

«*»  Tintt.  Oimphora  Compoiita  \ Paregoric)  :  I  fluidrachm  ^  %  ^raJn  of 
Opium.     Vote  :  2  to  8  cc  (  V^  'o  2  dnuhraii), 

LiHimemtum  Opii:  contains  0.375^1^  of  niorphio. 

The  most  important  picparationi  are  nurked  9%. 
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[  Dose  :  0.008  to  0.015 
Gm.  O^toXgr-). 


Morpbina. — Prepared  frc»ii  Ofuum.     Soluble  in  4350  parts  water,  4000 
ether,  400  alcohol ;  more  freely  in  acetic  ether  or  amyl  alcohol. 
Saits:  ,%iV.  Acetas  (U.S.P.,  B.P.).— Soluble  in  2.5> 
water.     (It  loses  in  solubility  on  expos-  J 
ure.) 
•*•  "   ^</r<«-A/tf«w(U.S.P.,B.P.).— Soluble( 

in  24  water. 
^*^  '«    5k//-*<«(U.S.P.).— Soluble  in  21  water.  J 
M.  Tartras  (B.P.). — Soluble  in  11  water. 
Preparations  : 

*  Hypodermic  Solution,  N.F. — 3.556;  I  c.c.  (15  minims)  =  .035  Gm.  ^ 
>^  grain. 

•  Syruptts  Morphine  Compositus,  N.F. — (For  Cough.) 

4  C.C.  ( I  drachm)  ^  Morphin  sulphate  0.0022  Gm.  ^  -^  grain. 
Ipecac  0.008      •*     =  jl     " 

Senega  0.4  *'     ^0  grains. 

Rhu^b  0.064      "     ^  I  grain. 


Morphin  Preparations  of  the  British  Pbannacopceia. 

Strength 
PER  Cent. 

DosK. 

Metric. 

Apothh- 

CARIUS'. 

Liquor  Morpbinae  Acetatis,     .    .    . 
^\  ••               • '          Hydrochloridi, 
*•             "         Tartratis,    .    . 
Injectio   Morphinse    Hypodermica, 

Suppositoria    Morphime,    each    ^ 

I 
I 

I 

I 

0.6  to  3  c.c. 
•  1          (1 

0.12  to  0.3  c.c. 
0.3  to  I.O  c.c. 

10  to  50  min. 
It           « 

,  2  to  5  roin. 

Trocbiscus  Morphinae,  each  -^  grain, 

•*               "          et  Ipecacuan- 

hx,  each  ^  grain,               ... 

TiDctuia  Chloroformi  et  Morphinae 

5  to  15  min. 

^j*,Codciiia(U.S.P.,  B.P.). — Soluble  in  80  parts  water.     Dose:  0.015  *<> 
0.12  Gm.  {%  to  2  grs.). 

Codeina  Phospkas  {B.P.). — Sol.  in  4  parts  water.     Dose  :  0.015  to  °->2 
Gm.  (X  to  2  grs.). 

Syrupus  Codeina  (B.P.). — i    fluidrachm  :=  ^    grain  codein   phosphate. 
Dote  :  2  to  8  cc  {J4  to  2  drachms). 

•  Narcotin. — Dote:  0.2  Gm.  {3  grs.). 

^*^  Heroin. — Soluble  in  water  on  the  addition  of  a  trace  of  acid  (acetic). 
Dose:  aoo5  to  0.0I  Gm.  (^  to  ^  grain). 

Sanguinaria  (U.S.P.). — Blood-roi^. — The  root  of  S.  canadensis,   Papa- 
ventcese.     North  America.     Sanguinarin  and  other  alkaloids  of  the  protopin 
aeiies;  resins. 
Preparations  (not  misdble  with  water) : 

Extractum  S.  Fluidum  (U.S. P.).— Three- fourths  alcohol.    Dose  :  O.06  to 
Ol3  cc  (1  to  5  minims). 

*  Not  official. 

The  most  important  preparations  are  marked  ^%. 
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Tinchira  S.  (U.S.P.)— 15^:  lwo-thinl& alcuhol.  Due:  1  lo  9cc  (15 
to  30  minims). 

CheliiJoiltuiT)  (U.S. P.). — Crlantlint. — The  rooi  of  CMuitmiiim  mnjtu, 
rapavcracfic.  Naiuraliicd  in  Nijflh  AaKrrica.  Aikftloitls  of  the  iirolopin 
series.      Ootr:  I  lo  4  Cm.  U5lo6otfn.}. 

The  fresb  (red)  juice  \*  catutic  Atitj  ij  tu«]  popuUrty  to  remove  mru. 


(B)  CANNABIS  INDICA  AND  SIMILAR  DRUGS. 

In  this  rather  heterogeneous  collectioti.  a  number  of 
druj^s  have:  been  placed,  bearing  a  more  or  less  close  re- 
semblance to  morphiti  in  their  action  upon  the  brain,  but 
otherwise  sufficientlv-  different  to  prevent  their  being  placed 
in  the  same  or  any  nther  group;  namely,  Cannabis  indica, 
Anhalonium  and  other  cactus  products,  Lactucaritim,  and 
l.upulin. 

They  have  no  therafx-utic  importance.  Since  tlieir  action 
is  largely  a  psychic  one,  which  cannot  be  completely  inves- 
tigated on  iinimals.  they  arc  vcr>'  little  understood. 

Cannabis  Indica. — This  drug  has,  at  least  in  this  coun- 
try, a  theoretic  rather  than  a  practical  importance.  It  is 
perhaps  the  most  powerful  stimulant  of  the  psychic  functions 
that  we  know,  and  is  much  used  in  the  Orient  for  this  pur- 
pose under  various  names,  either  the  lea\'es  of  V'oung  twigs 
or  the  resin  being  employed.  These  are  made  into  a  con- 
fection or  they  are  often  smoked  with  tobacco.  Tlw  eflect 
is  the  same  in  any  case.  The  user  at  first  becomes  very 
happy  and  hilarious.  lLver)thiny  amuses  him.  He  also 
develo|)s  very  affectionate  tendencies,  and  thoroughly  be- 
lieves in  univei"sal  brotherhood.  Soon  he  becomes  uncon- 
scious of  his  surroundings.  His  ideas  scintillate,  but  he 
cannot  fix  his  mind  upon  any  subject.  From  this  condition 
he  gradually  jjasses  into  melancholia  and  then  into  a  deep 
sleep. 

The  intoxication  differs  from  that  of  opium  by  the 
greater  activity  of  movement  and  of  imagination.  The 
Oriental  appears  to  be  transported  into  his  highest  heaven 
and  all  that  this  implies.  VVitli  Caucasians,  the  stimulating 
effect  is  smaller,  but  the  intoxication  is  generally  of  a  pleas- 
ant, jolly  tj'pe.  It  may.  however,  be  quite  short  and  often 
absent,  and  is  always  followed  by  melancholia  and  sleep. 
On  account  of  tlie  latter,  the  drug  has  been  recommended 
as  a  hypnotic.  It  is  stated  that  it  is  not  fatal  even  in  very 
lai^e  doses,  but  experience  on  dogs  certainly  shows  that  it 
presents  some   danger.     The  habit  to  which   it  gives   rise 
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shows  less  effect  upon  the  alimentary  canal  or  marasmus 
than  docs  morphin,  but  mure  uftcn  psychic  alterations,  dull- 
ness, or  mania. 

Tlurapeutually  one  can  scarcely  inia^inL*  arij-  indication 
which  might  not  be  better  and  more  sal'ely  fulfilled  b)'  other 
remedies. 

One  other  hypnotic  which  may  be  discussed  in  this  connec- 
tion is  lettuce  juice,  lactucarium,  a  remedy  which  has  become 
practically  obsolete,  and  has  not  been  scientifically  investi- 
gated. It  is  Slid  that  lettuce  leaves  also  have  some  slight 
hypnotic  power.  The  hypnotic  action  of  lupulin  or  hops, 
which  may  be  seen  when  tliey  are  administL-red  in  the  form 
of  beer,  cannot  be  doubted,  but  it  is  certainly  not  very 
stronj;,  and  seems  to  be  subject  to  considerable  variations. 
Jamaica  dogwood  (Piscidia  erythrina,  Papitionacea;)  is 
said  to  have  an  alkaloid,  pisddin,  witli  an  action  similar  to 
hashish. 

Related  to  the  sdmulating  action  of  cannabis  are  certain 

roducts  obtained  by  the  Mexiom  Indians  from  the  juices 

f  various  cacti,  generally  by  fermentation.      The  most  '\x\- 

:rcsting  of  these  is  the  roescal,  prepared  from  Anhaloniuni 

mi.     This  contains  four  alkaloids  which  agree  quali- 

ly  in  their  actions.      The  hitter  are  qtiiti:  numerous:  a 

igitalis  action   on   the  heart,  a  curare   action   on  striped 

muscles,  a  specific  depression  of  tlie  respiratory  center,  and 

stimuUdon  of  other  jjarts  ()f  the  centnil  nervous  system. 

he  sbmulation  is  shown  mainly  in  certain  special  senses, 

most  conspicuously  in  vision,  the  effect  appearing  as  a  lo.ss 

of  coordination.     It  produces  hallucination  of  all  the  special 

nses.  but  [xirticularly   of   sight     There  are  flashes  and 

of  ever-changing  colors.     Since  they  are  the  same  in 

iboth  eyes,  they  must  be  central. 

The  drug  is  not  at  all  used  therapeutically,  although  the 

uthanasia  which  it  produces  even   in  small  doses,  and  the 

itaUs  action  without  a  constriction  of  the  vessels,  might 

ibiy  be  useful. 

The  Mexican  drink  "pulque,"  produced  by  the  fermen- 

tion  of  the  juice  of  the  maguey  plant,  produces  an  alcoholic 

itoxicadnn  mr>djfied  by  the  presence  of  other  substances, 

rhaps  belonging  to  this  group.      In  the  intoxication,  the 

fiought  and  language  arc  low,  the  patient  is  boisterous  and 

quarrelsome,  and,  it  is  said,  generally  unhappy. 
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(C)  HYDRASTIS. 

The  tiicrapeutically  active  alkaloid,  hyiirastirt,  is  closely 
allied  chemically  to  narcotin  : 

C„H„NO,.H         =  Ilydrastin. 

C„H^NO,.OCHj  ^  Narcolin. 

In  its  action  it  follows  satiguinarin  in  producing  ^gradual 
central  paralysis  in  wliich  na.rcosis  is  not  especially  promi- 
nent. It  also  fNirtilyzcs  tke  luart  ait  J  skcU'tal  musclt-s.  This 
is  joined  to  a  strychnin  aclton  on  the  medulla  and  spinal  cord. 
As  a  part  of  this,  it  produces  a  great  rise  of  blood  pressure, 
and  for  this  purpose  it  would  be  theoretically  superior  to 
sto'chnin.  since  this  is  among  its  first  eflfects,  and  can  be 
obtained  almost  pure. 

The  rise  in  blood  pressure  results  not  only  from  a  stimu- 
laliun  of  the  vasomotor  center,  but  also  through  direet 
action  on  the  muscles  of  the  arterioles.  The  latter  eficct, 
wliich  is  more  marked  in  the  artificial  oxidatii>n  product 
hydrastinin.  points  to  its  use  as  a  local  hemostatic. 

Small  doses  also  seem  to  improve  the  action  of  the  heart 

Therapeutically  it  has  perhaps  not  been  sufficiently  tested 
to  pive  a  deliiiite  sUitement  as  to  its  value  in  collapse,  etc. 

On  account  of  its  vasoconstriction  it  is  one  of  the  best  in- 
terna! remedies  again.st  hemorrhage  {^*^*z  Chapter  XXIII,  A), 
and  a  local  remedy  against  catarrhal  coiuiitions  where  a  dda- 
tation  of  tlie  vesseU  exists.  Itwculd  not  be  as  useful  as  ergot 
against  postpartum  hemorrhajje,  since  it  docs  not  cause  con- 
trjiction  of  tlie  uterus.  It  would  be  more  useful  against  pro- 
fuse menstruation.  In  alt  these  cases  hydrastinin  would  be 
preferable. 

Hydrastis  has  also  been  suggested  as  a  measure  against 
fpilepsy,  on  the  theory  that  it  diniinishes  the  activity  of  the 
motor  areas,  but  this  is  not  established. 

Another  hjilrkRiM  alkaloid,  tanadtH^  also  has  a  nuiqiliin  nction,  bal  it  » 
present  in  t(K>  small  nu  ninount  to  be  of  Any  imporunce. 

The  third  Alknloiil.  kfiitrin,  which  \%  also  fmind  in  beiticns,  nluinh*. 
potlophylluni,  ctc.fhns  pncticallynu  actions  except  those uf  a  bitter  substatKc. 

MATKRIA  MEDICA. 

Cannabis  Indic«  (U.S.  P..  B.P. ) — Inttuin  /^<rm/ (Ilaxhiih,  Bhrmg.Ganja, 
Chani^  M'jiiicku,  vie  ). — 1'hc  Hnwerinj;  top^  of  the  female  plant  of  Ufn«M/t> 
saih^i,  L'riicaccx'.      L'ij1Il-cic(1  in  India. 

B4^anica11y,  the  plnril  is  idcniicnt  with  that  grown  in  the  tetnperatr  tonr, 
bul  the  action  is  only  developed  in  certain  regions;  in  India  itficU  onljr  the 
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^Towing  above  a  level  of  6000  to  8000  feel  exude  the  rewn  •'  charaa,'* 
which  U  ctriihivlerrd  the  mtiM  valuable. 

It  wa&  Used  in  China  as  a  medicine  ls  enrly  as  the  fifth  ceolury  b.  c,  but 
tbc  Greeks  aud  Rucaaiia  were  prubably  ii^K  acquiuuled  with  it.  It  is  uovr  used 
u  an  intoxicant  in  many  Eastern  counlhc;*. 

The  plan!  has  often  been  invesii^lcd  Yvith  a  view  to  isolatitig  its  active 
ingredieDLs,  t>ul  the  ^e^uIt5  have  been  very  unsatisfactory.  The  difBtuhy  is 
eniunccd  by  the  rttrcmcly  variable  activity  of  the  drug,  which,  furlhcnnore, 
diminiihcs  greatly  nn  kccpinf;.  The  aciivity  seems  to  Tendc  in  the  rcMnou^ 
snbabiDce 

Volatile  oil,  rcsiiis,  cbolin,  (alkaloids?). 
Prtpitratiatu  (alcoholic;  not  miscibic  «'ilh  water) : 

£xiraitum  Camria^it  iuJim  (U.S.P.,  B.P.).  —  D<<ie  :  0.015  *"*  0.03  Gm. 
{%V>%  grain). 

Kstrattum  Cannabis  Fluidum  (U-S.I*.  i.^-Z^m^,*  0.06  to  0.6  cc.  (I  to  Xo 
miaims). 

TfHtlura  Cannabii  InJiia,  I5jf  (U.S.I'.,  B. P.).— />«*.-  t  to  3  cc  (15 
lo  y>  niinims). 

C*>ntLjbtM,  an  alknlutd;  Cannnhinoi,  an  oil;  Cannabinen,  a  redn,  ore 
found  on  the  maikcl,  and  are  claimed  by  tlicir  uiaimfaclun'r^  lo  rcpTei>enI  the 
atnive  principles.  They  bare  nut  been  subjected  to  sufficient  scientific  inves- 
tigation. 

Only  such  prepaniions  should  be  employed  as  have  been  tested  ou  dogs. 

Lactucmnum  (U.S.P.). — Leftuct-juue. — The  drieil  milky  juice  from  the 
stalk*  of  the  1-ettuce.  Loituca  xnrcut,  Compositie.     (.'ullivatcd. 

Rcain,  gum;  tutture  of  active  principle  not  determined. 
Doit:  a6  to  4  tim.  (lO  to  60  grs.). 

frt^tmiifint : 

StTufmi  taetwearii  (U.S.P.).— 5^.  Dose:  10  to  zo  cc.  (2  to  4 
Aauaamt). 

Ttmftura  /.aetuearii  [\}.^.V.).—^^.  Dil.  alcohol  and  glycerin.  Dose: 
t  lo  2  cc.  (15  to  JO  minims). 

|jcltm.-c  salad  i.1  also  .iitaleil  lo  have  tnme  hypnotic  action  with  susceptible 
indjnHiinK. 

HumuIUB  (U.S.P.)  [Lupulua,  B.P.J.— //tf/r.— The  dried  strobiles 
{tttwx\v:  Howcrs)  of  Ilumului  Lufului^  llrlicatfir.  Cuhivalrd.  The  active 
part  c«tiM.si>  tn  small  clandt.  which  can  l>e  M']>amtrd  as  a  ]>awiler. 

l^upulinum  tL".S.P..B.P.).^Zft/«//n. — Volatile  oil,  cholin. resin ;  active 
priocijile  nut  determined. 

D!>%e:  a2  to  I  Gn.  (3  to  15  gn.). 

firtfarmtiont : 

Thurnnt  J/umufi  (U.S.P.,  B.P.).— 2o;4r  i  oae-liotf  alcohol.  Dosr :  8  lo 
30  cc.  ( 2  lo  8  drachms). 

Extratlum  i.uf'uiini  Ftuidnm  1U.S.P,), — Alcohol  (not  miKiblc  with 
water).     Dmt  :  2  to  8  cc.  (5^  to  2  drachms). 

O/.f'rrnna  t-HfuHni  (U.S.P.). — (Not  miscJblc  with  water.)  Dose :  0.3  lo 
2  CC-  (5  to  30  minim*). 

ImfMium  LuCuU  k  U.  P. ). — Dost :  30  to  60  cc.(l  to  3  o».). 

The  hypnotic  qualities  tif  certain  beers  arc  probably  largely  due  to  their 
"  ilrnt  f4  lupulin      The  old  beers  were  brewed  without  this  adilition.     The 

tnttke  of  siich  use  occurs  in  1050,  but  it  was  legally  prohibited  in  Eng- 
^Irad  as  bile  as   1530-      At  present  the  difficulty  lies  the  other  way,  bfewers 

etiroes  adding  other  bitter  substances — even  Dtrychnin  and  jiicroioxin  have 
been  rrportcil. 

•  Pucidia. — Jamaica  Dcf^wood, — The  bark  of  Pita'Jia  Erythrina^  Legu- 
tninoaoe.     West  lodicn.     Dost:  i  to  3  Cm.  1 15  to  45  grs.). 

*  Not  official. 
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Hydristis  (U.B.H.)  [Hydraatis  Rhizoma,  R.P.l.— The  rhtzamc  and 
Toaii  i>(  Hydrastis  (anaUffisis,  Knnunculace^.      North  Ammcm. 

Uerbffin,  3  to  4%  ;  bydraslin  ;  c«uAdin  ;  resin. 
J*reparati0Mj : 

^^Exfraetum  Hydraitu  Fluuium  (U.S.P.)  {Li^uiJum,  B.P.].  — Six- 
tentri»  alcc^wl,  one-tenih  glycerio.  Miscible  with  water  or  alcohol.  Dttt:  2 
to  8  cc.  (^  to  2  draduns). 

^^Glycfritum  Hytirmtii{\JS.V,). — A  fluid  extract  having  ec]ual  rolumec 
of  glTcerin  and  water  as  menstruum.  Useful  a«.  injectiou.  Mtscible  with  water 
or  alcohol.     Dote  ;  z  to  8  cc  {%  to  2  drachins), 

TinrlNra  /Mrattis  {V.'i.'B..  B.P.J.— 20j(i;  one-half  alcohol.  Dose:  810 
20  cc.  (2  to  5  drachms). 

•  fiydraitiHtt  Hydrochloras. — Insohihle  in  water,  readily  soluhle  in  alcohol. 
Not  employed  exlematly  on  account  of  its  insolubility.  Dost :  0.015  "^  '^'^i 
Gtn.  (S^  to>4  grain). 

^ ^  Hydraitinina  Hydrwkhrai  (U.S.P.). — Prepare<l  by  the  oxidalioii  of 
hytlrastin  with  nitric  acid.  Soluble  in  0.3  water  or  3  alcohol.  Dote:  0.035 
Gm.  (^  grain).     Hypoderaiically  tu  10^  .solution. 


CHAPTER  X. 
COCAIN  GROUP, 


I.   MEMBERS  AND  DERIVATION. 

This  comprises  cocain  and  various  alkaloidal  and  syn- 
thetic products  of  similar  chcniic  composition.  ]t  also 
touches  on  several  other  groups  which  have  the  cocain 
action  on  the  sensorj'  nerve  endings.  The  relation  is  also 
established  through  its  cliemic  composition. 

Cocain  is  very  readily  decomposed  into  bensolc  add  and  eegonim.^  The 
(bnncr  may  l>e  replaced  by  other  acids  ;  the  latter  contains  methyl,  which  may 
be  replaced  hy  other  hydrrKarbon  radicles.  It  may  be  easily  seen  from  this 
that  throU|i;li  sucb  chan^*^^  atlificial  alkaluids  can  be  fonned;  and  Mmilarly 
constituted  alkaloids  arc  found  Dslura]ly  in  the  leaves  of  coca,  e^spectally  llw 
Java  varicly.  The  structure  of  ecgonin  is  very  closely  related  to  tropin,  the 
base  of  atropin. 

Cocain  is  derived,  from  the  leaves  of  Erythroxylon  coca,  a  tree  indigenous 
to  South  .America.  The  leaves  wore  chewed  from  time  immemorial  by  the 
natives  to  relieve  fatigue  and  hunger,  and  also  to  produce  psvLtiic  stiinulaiioo 
somewhat  after  the  manner  of  calfein.  It  is  now  cultivated  in  suuic  other 
Iropicil  countries. 

On  the  first  intioductiuo  of  the  leaves  into  Europe  the  effects  were  diaa^h 

'  Thisoccurt  if  solutions  are  hentfd  for  some  time  above  80*  C.  (176*  F.). 
Cocaiu  Bolotions  cannot,  thercfurc,  l>e  sterilized  by  builing,  Init  the  ob)rct  may 
be  efTeded  by  bringing  the  »uluti(«)  rc[xr«ledly  lu  So'*  C.  and  cooling  tietwecft, 

♦Not  ofRcial. 

The  most  important  prepantions  arc  marlted  ^*^ 
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pointiag.  Aod  tbe  tUlements  of  the  explorers  were  regarded  as  travelers'  talea. 
'  These  diuppointiiig  rcsulu  were  due  to  the  fad  thai  the  sensauonii  for  which 
[it  is  employed  hy  thr  nniive^- — hnnger  and  (aUgue- — did  not  exist  in  the  ex- 
L|icnineftten.  'Ihe  drug  Ihcn  fell  very  largely  into  disuse,  since  its  Anesthetic 
umpertiea  were  itot  remgniju-d.  There  is  mi  isobtrd  niciilitiri  in  lH6oiluit  the 
I  ^wiring  of  the  leaves  pamlyres  the  sensation  o(  the  tongue,  but  it  was  onif 

intrixluced  into  [H»ctice  in  1884. 


n.  SUMMARY  OF  ACTIONS. 

Cocain  is  a  typical  protoplasmic  poison,  and  consequently 
IptToduces   the  typical  phenomena  of  deatli.   consisting  in 
r  stimulation  with  following  paralysis  of  numerous  structures, 
especially  the  following : 

With  /tvtf/  a4tttiHistraHon  the  endings  of  sensory  nerves 
arc  paralyzed. 

L      With  direct  application  nerve  trunks  are  paralyzed, 
r     With  direct  or  systemic  application  the  pupil  is  dilated 
through  stimulation  of  the  sympathetic. 

On  systemic  administration  it  causes  an  irregular,  but  on 
the  whole  a  descending,  stimulation  and  paralysis  of  tlie 
entire  central  nervous  systetn. 

Its  protoplasmic  action  can  be  studied  on  lower  organisms 

and  on  isolated  cells.     Through  it.  it  is  apt  to  produce  local 

jngrcnc  of  the  skin  on  hypodermic  injection,  and  some- 

Ptimes  opacity  and  ulcers  of  the  cornea  when  used  in  this 

situation. 

While  its  toxic  action  is  a  general  one  and  may  be  ex- 
erted on  any  protoplasm,  yet  it  is  relatively  more  marked 
upon  nervous  structures  ;  and  other  tissues  participate  only 
under  suitable  conditions. 

The  order  in  which  the  ncnH>us  structures  are  affected 
cpends  upon  the  manner  of  introduction.  On  systemic 
imintstration  it  affects  the  central  nervous  system  from 
fcbovc  downward.  The  effect  depends  rather  upon  the  dose 
rthan  the  time.  The  picture  of  the  intoxication  is  quite  com- 
plicated because,  while  one  structure  is  already  paralyzed, 
another  is  still  being  stimulated.  In  other  words,  there  is  a 
ssmultaneous  stimulation  and  depression  of  the  different  parts 
^^f  the  central  nen'ous  system.  Sonic  portions  of  the  ner\'ous 
system  appear  to  exhibit  a  stimulating  action  only,  since  the 
jiimal  dies  before  the  stimulation  of  these  parts  has  worn 
>ff.  This  early  death  also  explains  why  so  little  peripheral 
ction  is  observed  on  systemic  application. 
When  locaiiy  applied  to  the  skin,  it  produces  a  paralyzing 
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effect  upon  the  peripheral  nerve  endings,  and  this  without 
previous  stimulation.  The  selective  action  is  extremely 
marked  in  this  case.  Certain  sensor)'  nerves  are  especially 
liable,  leading  to  the  suppression  of  the  sensation  of  pain 

and  touch. 

111.    l>IiTAlI5  OF  ACTION. 

Central  Nervous  System. — (a)  The  /ro^  shows  at  first 
symptoms  of  stimulation  by  increa.se  of  the  voluntarj'  move- 
ments and  exaggeration  of  the  reflexes,  sometimes  leading 
to  convulsions.  This  is  followed  by  paralysis  of  the  whole 
central  ncr\'ous  system. 

(S)  The  symptoms  in  wawma/s  resemble  at  once  those 
of  poisoning  by  atropin.  niorjshin,  and  cafTein. 

(A)  Brain. — The  first  efiect  is  a  well-marked  stimulation 
of  tiic  higher  parts  of  the  brain  (caffein  action).  This  is 
shown  in  animal.s  by  increased  movement,  which  is  perfectly 
normal  in  character.  In  man  there  is  a  certain  amount  of 
psyckU  sdtmdation  and  also  wakefulness.  A  greater  €H' 
durance  against  fatiguf  ami  hunger  is  also  noticed. 

How  far  tlii»  iniL}-  bo  due  to  a  stimulaltun  nftrr  the  mitnncror  cofVetn,  or  lo 
a  narco«»,  after  the  mnnnrr  of  morphin.  i«  impossible  to  state.  It  U  not  at 
all  unlikely  that  botb  play  a  part.  In  reganl  lo  the  sensAtion  of  hunger,  h  ii 
alio  prabablc  tlimt  local  oiicittnctijuUion  of  the  sloiuacb  aids  in  llie  effect. 

This  stage  of  stimulation  may  be  ver)'  short  or  even  ab- 
sent. Witli  somewhat  larger  doses  it  may  be  followed  by 
depression,  first  of  the  coordinating  functions.  The  move- 
ments lose  their  pur|5osive  type  and  become  choreic.  There 
is  then  a  general  narcosis  after  the  manner  of  morphin. 

This  is  followed  by  convulsions. 

The  seat  of  the»e  has  not  been  exactly  dctcnnirccl.  They,  lilce  the  other 
effects,  are  probably  dtfscriidiiig,  and  the  dilTctenl  convulsive  centers  may  be 
aifected  in  succetson.  In  samc.Htagc<>  at  least  they  scctn  tu  re»idc  exclusively 
in  the  hiiid  brain. 

If  the  paralysis  is  rapid,  the  convulsive  stages  may  not 
appear. 

The  thcrmogenctic  center  is  stimulated,  so  that  there  is  a 
rise  of  temperature. 

(B)  The  medulla  is  afiected  at  quite  an  early  stage.  The 
respiration  is  at  first  accelerated.  During  the  spasms  it  is 
irregular.  The  volume  then  diminishes.  It  may  assume 
tlie  Cheyne-Stokes  type.  Respiratory  paralysis  is  the  usual 
cause  of  death. 
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This  is  bIk}  the  first  ceoler  to  fail  wben  the  cocaio  U  applied  locally  to  the 
fourth  vcotricle. 

The  vasomotor  ceitttr  presents  an  early  stimulation  and 
much  later  paralysis.  The  chan^^es  in  this  center  account 
for  the  variation  in  the  quantity  of  urine,  which  may  be  in- 
creased, but  is  more  often  diminished 

The  circulation  is  affected  partly  peripherally,  partly  cen- 
trally. 

The  effect  will  rary  moch  accordine  to  the  dour  and  aXno  according  to  the 
individual.  Differeut  expcriroenler;  nave,  therefore,  ol>taiucd  difTerent  re- 
sults.    The  following,  however,  a{>pear>  to  be  the  substance  of  the  matter: 

Pnise-raff. — 1.  Diminished  by  very  small  doses,  due  to 
stimulation  of  the  vagus  center.  1'his  is  not  seen,  tlicre- 
fore.  after  section  of  the  vagus  trunk. 

2.  Increased  ivitk  moderate  doses.  This  is  due  mainly  to 
the  depression  o^  the  vagus  center,  but  other  factors  must 
also  be  concerned,  for  some  quickcninu  occurs  even  when 
the  vagus  has  been  previously  divided.  In  this  case  there 
must  therefore  be  either  a  paralysis  of  tonic  vagus  ganglia 
or  a  stimulation  of  the  accelerator  mechanism. 

The  former,  paralysis  of  the  ganglia,  occurs  in  the  frog, 
and  may  be  obtained  in  mammals  on  direct  application,  but 
not  on  injection,  since  the  animals  die  before  it  can  come 
to  this  action. 

Since  the  excised  heart  (Hcdbom-I^ngendorfT)  shows  a 
lessening  of  both  rate  and  systole,  the  quickening  cannot  be 
peripheral.  It  must,  therefore,  be  accepted  as  due  in  part 
to  the  stimulation  of  the  accelerator  center. 

The  quickening  in  this  stage  is  due.  therefore,  to  depres- 
sion of  the  vagus  center  and  central  stimulation  of  tlie 
accelerator. 

3.  Sienvcd  by  large  doses,  from  depression  of  the  cardiac 
muscles  (since  it  occurs  after  atrupin  and  is  accompanied 
b^'  we;ikeiiing). 

Presstirc. — I.  Very  smaU  doses  cause  a  notable  increase 
followed  by  return  to  normal.  The  depressing  effect  of  the 
vagus  stimulation  is,  therefore,  overcome  by  the  stimulation 
of  the  vasomotor  center. 

2.  Moderate  doses  cause,  first,  a  temporary  fall,  then  a 
Vfry  marked  rise.  The  fall  may  be  considered  due  to  the 
predominance  of  the  slowing  over  the  vasoconstriction. 
The  rise  is  due  mainly  to  tlic  stimulation  of  the  vasomotor 
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(ienter,  aided  by  the  quickened  heart.  It  is  not  due  to  con- 
vulsions, for  it  occurs  in  curarized  aniinaU. 

3-  Largi'  doses  cause  a  very  great  fail,  due  to  depression 
of  the  heart  muscles,  and  later  of  the  vasomotor  center  (col- 
lapse). 

The  vomiting  which  frequently  occurs  in  cocain-poison- 
ing  is  perhaps  due  to  the  medullary  stimulation,  but  its 
mechanism  has  not  bucn  fully  investii^atcti. 

(C)  Spinal  Cord. — In  froys  in  which  the  brain  has  bet-n 
removed,  cocain  ciiuses  at  first  an  increase  of  the  reflexes, 
then  convulsions,  and  finally  total  paralysis.  In  intact  ani- 
mals this  L'fTect  is  obscured  by  the  action  on  the  higher 
centers  uf  tlie  nervous  system. 

THE  LOCAL  ACTION  OF  COCAIN. 

(A)  When  cocain  is  brought  into  contact  with  the  nerve 
endings,  it  paral)'zes  thcni  in  certain  situations.  In  tlie 
skin  it  affects  those  having  to  do  with  pain  and  touch,  but 
in  a  lesser  tlegixe  or  not  at  all,  those  having  to  do  with 
temperature.  In  the  nose  it  abolislies  the  sense  of  od(>r; 
in  the  tongue,  the  taste,  especially  for  bitter,  less  for  sweet 
and  sour  substances  ;  it  lias  no  effect  on  salty  taste. 

Il  '\f.  alvinhilrly  r«etrtinl  ihin  lite  cijoun  come  info  conUrl  wilh  the  nwre 
endini;^  ur  Ihe  ntrve-libeTS.  Thi-s  (x-curs  siiftiricmly  rmdiljr  if  rhe  rocajn  %n\^x- 
lion  \s  applied  tu  the  .surface  of  ihc  mucou-s  incintiranrft.  hut  it  caniiui  be 
ah-^ifbcd  in  tiiifficirnl  quantilici  fnini  (hr  nnhrokrn  skin,  tn  thiii  ciue  il  mii^ 
be  inlmrluced  •Hibcutaneousty.  Since  it^  naion  divippenn  renr  rapid1]r  by  its 
absorption  iniu  the  circulation,  the  aucmpt  mu»t  be  made  to  hmit  it  to  the 
place  where  the  nclintt  xa  deiMicd. 

Like  quite  a  number  of  other  poisons,— ether,  akoho!. 
chloroform,  carbnlic  acid,  etc.. — it  pioduccs  a  temporary 
paralysis  cf  the  ncrife'trunk  to  which  it  is  directly  applied. 
It  lowers  in  this  way  all  the  functions  of  the  nerve.  It  is 
IX)9'.ible  to  produce  a  pennatienf  paralysis  by  application  of 
a  very  stronjj  solution.  The  .scns(»ry  fibers  of  the  ncr\'cs  arc 
paralyzed  much  more  readily  than  the  motor  fibers,  and  the 
ganglia  cells  most  readily  of  all. 

When  cocain  is  injected  into  the  neighborhood  of  a  nerve- 
trunk-,  it  will  only  paralyze  it  if  used  in  large  amount.  But 
if  injected  under  the  nerve-sheath,  it  produces  a  paralysis  of 
the  whole  distribution  of  this  nerve,  which  usually  passes 
off  after  a  time,  without  any  bad  effects.  However,  a 
strong  solution  may  cause  neuritis. 
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The  production  of  wide-spread  anesthesia  by  injection  of 
eotain  into  the  spinal  subdural  canal,  which  has  been  recently 
recom  men  tied,  probably  rests  upon  this  same  effect — x.  <■., 
the  lowering  of  the  activity  of  tiie  fibers  of  the  nerve-roots. 
In  this  way  a  complete  anesthesia  to  pain,  less  to  touch, 
may  be  produced.  The  motor  ner\'cs  are  but  sHghtly  in- 
terfered with,  while  consciousness  remains  normal. 

When  cocain  is  applied  to  a  mucous  membrane,  it  renders 
xtanfmic.  This  is  probably  due  to  a  local  stimulating  action 
on  the  arterial  walls,  although  the  cause  is  not  certain. 
This  effect,  as  well  as  tlie  toxic  action  on  protoplasm,  pro- 
duces an  a.stringent  sensation  and  an  actual  contraction  of 
\'ascular  formations,  such  as  polypi. 

In  all  these  sensory  effects  there  is  no  stimulation,  such 
as  would  be  evinced  by  pain,  etc. 

Id  nun  or  the  mnmmais  cocain  «hnw8  very  little  seuMiTy  effect  when  injected 
into  the  blcwd.  Ttib  La  due  purelj-  to  its  bcinf;  fatal  bcfcirt  the  pcriplicinl 
panUysis  C4a  mske  its  nppeoniTice.  The  frog,  which  is  much  more  rrHt^ianC  to 
chc  cctitril  Ktioa  of  cocnio,  can  be  anesthetized  hy  iu  sy»teniic  iipplicatloiL 

With  the  application  of  2  J?,  to  1  o  J^  .solution  to  the  mucous 
membranes,  the  anesthesia  appears  in  a  few  minutes  and 
lasts  ten  to  thirty  minutes. 

Ver>'  large  doses  also  paralyze  the  motor  endings  in  frogs. 

(B)  Action  of  Cocain  on  the  Eye. — When  cocain  is  ad- 
istercd  cither  locally  to  the  e>'e  or  systemically,  there 
!ltsually  a  submaxinial  dilatation  ^i  the  pupil.  The  iris, 
however,  still  reacts  to  light.  The  accommodation  is  also 
impaired  so  that  the  pwnctum  pro.\imum  is  more  distant 

The  mydriasis  differs  from  that  produced  by  atropin.  in 
the  persistence  of  the  reaction  to  light,  and  the  dilatation  is 
Icsj  complete.  It  also  differs  in  several  other  respects  ; 
Pilocarpin  and  muscarin  produce  constriction  easily  after 
cocain.  but  not  so  readily  after  atropin.  Cocain  also  pro- 
duces a  contraction  of  the  vessels  of  the  iris.  The  eyelids 
stand  wide  open:  there  is  exophthalmos.  The  intraocular 
tension  is  reduced.  These  phenomena  correspond  exactly 
to  those  produced  by  the  stimulation  of  the  cervical  sympa- 
thetic. 

When  the  sympathetic  fibers  have  degenerated  (eight 
days  after  extirpation  of  the  superior  cen'^ical  ganglia)  the 
cocain  is  inactive  to  the  eye.  Its  effects  must,  therefore,  be 
due  to  stimulation  of  the  sympathetic,  and  since  they  do  not 
disappear  immediately  after  section  of  this  nerve,  but  only 
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after  it  has  become  degenerated,  this  stimulation  must  re- 
side, at  least  in  part,  in  the  endings.  But  since  it  is  then 
much  weaker,  it  must  Ijc  in  part  central. 

Thefttropin  ditntntion  Is  caused  by  paralysis  of  the  oculomotor  endings. 
Tbia  playa  no  part  iu  ihc  cocjiin  action  except  with  very  strong  solulioas,  foi 
slimuUtion  of  the  oculomotor  trunk  utiil  cnuMs  coutrmclton. 

In  birds'  eyes  cocain  produces  no  dilatation,  wbereaii  in  frogs  it  U  veiy 
marked. 

In  addition  to  the  mydriasis,  it  of  course  also  produces 
anesthesia  and  destruction  of  reflexes,  such  as  winking, 
when  locally  applied. 

Cocain  sometimes  produces  cloudiness  and  even  gangrene 
of  the  cornea,  due  to  its  protoplasmic  toxicity. 

Cocsin  htis  practically  no  effect  on  Becretion.  nor  hus  it  any  action  on 
metaboliBTTl  heyondthr  increa.se  of  lemiwratiire.  whiciihan  already  berntH^cd. 

In  niice  it  causes  a  fatty  infiltration  and  vacuolar  dq;eneralioii  of  the  liver- 
cells. 

Very  little  is  known  almut  the  fate  of  cocain  in  ihe  nrEanism. 


IV.  OTHER  MEMBERS  OF  THE  GROUP. 

Eticaln,  a  and  ^. — These  are  synthetic  products  which 
have,  in  general,  the  same  action  as  cocain. 

The  central  nervous  system  is  at  first  .stimulated,  then  para- 
lyzed, the  stimulation  prcthminating.  \\\  toxic  doses  con- 
vulsions form  a  striking  feature.  Slowing  of  the  heart 
through  stimulation  of  the  vagus  center,  and  a  large  fall  of 
blood  pressure  on  account  of  the  direct  depression  of  the 
cardiac  muscle,  are  conspicuous. 

The  periplural  action  is  in  general  less  strong  than  that  of 
cocain.  The  pupil  and  accommodation  arc  not  affected,  nor 
do  the  mucous  membranes  show  paling. 

The  anesthetic  action  is  also  somewhat  weaker.  In  the 
a  it  is  preceded  by  stimulation  and  pain.  The  (S  is  therefore 
preferred. 

The  eucains  are  perhaps  one*fiftb  as  toxic  as  cocain.  Xo 
fatal  cases  have  been  reported  even  when  several  grams 
were  used.  The  solutions  have  the  advantage  over  cocain 
that  tliej'  are  not  destroyed  by  keeping  or  heating.  The 
hydrochlorate  is  used  in  I  ^  to  3  ^  solution — generally 
twice  as  strong  as  cocain.  It  may  be  substituted  for  it  ia 
all  cases. 

Tropa-cocain,  which  occurs  naturally  in  Java  coca  leaves,  and  whidi  can 
also  be  prepared  syatbetically,  bas  been  claimed  by  its  invesligatorA  to  pouKU 
sevenU  aUvanta([ex  over  cocain.      It  is  nut  as  pdsnnaus,  and  it  is  foud  to  pro- 
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duce  deeper  and  mare  lasting  anesthesia,  but  it  has  not  been  sufficientlj  tried. 
It  n  uM^d  in  th«  mhie  strength  as  cuaiiii.  It  does  nut  cuusc  dilatation  of  the 
popil,  opacity  of  the  cornea,  ct  vasocoo^lriction. 

V.  RELATION  TO  OTHER  GROUPS. 

The  oocaio  gruup  15  related  to : 

I,  Pr^^im  by  iu  nclton  on  Ibe  ceutrmi  nervotu  system  aod  oa  the  sensoiy 
nerrei.     Through  this  to — 

3.  Morphm .  aI»o  by  ils  narcotic  action. 

3.  Afrvffin,  ihruugh  its  phywologic  action  on  the  central  nerrous  sytUm, 
ihe  pupiU  and  the  seruoty  nerves ;  chemically,  thmugh  tropin  and  ecgonin. 

4.  CartfoJif  ariii  rrcnp  by  ll5  action  on  the  central  nervous  system,  the  local 
MpestliCMa,  and  the  ucozuic  acid  radicle. 


VI.  TOXICOUXJY. 

Tliis  is  of  special  importance  in  view  of  the  absorption 
which  often  happens  on  its  application,  locally  or  by  h>'po- 
dermic  injection.  The  symptoms  are  somewhat  variable. 
There  may  be  excitement  followed  by  depression  and  mel- 
ancholia, or  the  former  may  be  absent.  When  the  drii[j  is 
taken  by  the  mouth,  there  is  often  the  sensation  of  pricking 
of  the  tongue,  nausea,  vomitiufj.  abdominal  (tain,  etc 

The  pupils  are  dilated  and  the  accommodation  impaired. 
The  heart  is  quickened  and  shows  palpitation ;  the  rcspira- 
tjim  is  accelerated  and  deepened,  and  later  shallow  and 
irregular  and  tlicn  Cheync-Stokcs  ;  the  skin  is  pale  and 
c>'anotic  and  often  exhibits  the  sensation  of  formication. 
Tljere  is  a  feeling  of  faintness,  vertigo,  flickering  before  the 
eyes,  then  coma.  The  reflexes  are  hei^ditened  and  may 
pa^s  into  choreic  movements  or  general  convulsions.  This 
is  followed  by  collapse,  The  cause  of  deatli  is  respiratory 
failure.  The  postmortem  appearances  are  those  of  as- 
phyxia. 

The  treatment  consists  in  evacuation  of  the  stomach  and 
chemic  antidotes  if  tiie  drug  has  been  taken  by  the  mouth  ; 
otherwise,  of  the  collapse  treatment:  Strj-chnin.  caffein, 
ammonium  carbonate,  sinapism  to  tlic  chest  and  abdomen. 
The  head  should  be  lowered.  Durintj  the  convulsions, 
chloroform  and  artificial  respiration.  Amy!  nitrite  is  recom- 
mended 

Chronic  Cocain-poisoning. — The  effects  of  die  cocain 
habit  are  essentially  the  same  as  those  of  opiumism,  except 
that  the  psychic  functions  are  more  affected.  There  are  in- 
somnia, hallucinations,  apathy,  and  melancholia.  In  addi- 
tion,   it   produces    marked    digestive    disturbance,    hunger 
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alternating  with  tliirst,  and  constipation.     After  tills,  maras- 
mus, debility,  emaciation,  anemia,  edema,  and  ascites. 

On  wiUidrawal  it  presents  abstinence  symptomis  similar 
to  those  of  morphin,  but  not  quite  so  violent  Cocain  was 
at  one  time  used  for  breaking  up  the  moqihin  habit,  but  it 
should  not  be  tlius  employed,  since  it  is  itself  more  dan- 
gerous than  the  latter. 

VII.  THERAPEUTICS. 

1.  Central  Nervous  System. — As  a  brain  stimulant, 
j^ainst  rati<;LiL\  and  as  a  general  tonic,  it  ha;*  no  advantages 
and  many  disadvantages  as  compared  with  other  substances, 
especially  caffein  and  stryclinin. 

2.  Its  mnin  use  is  for  the  production  of  local  anes- 
thesia.'^  In  this  connection  it  must  be  remembered  that 
cocain  acts  tjnly  whtn  it  comes  into  actual  contact  with  the 
peripheral  sensor)'  endings^  hence  it  produces  no  effect  when 
applietl  to  tilt  intact  skin.  It  cm.  however,  be  absorbc<I 
from  mucous  membranes.  It  must  also  be  borne  in  mind 
that  its  action  ceases  with  absorption,  and  that,  tlicrcfore,  the 
local  circulation  must  be  restricted  as  far  as  possible  (appli- 
cation of  a  constricting  rubber  band).  The  cocain  itself  aids 
in  this  by  diminishing  the  local  circulation  through  the 
anemia  which  it  produces.  This  action  ma\-  be  supported 
by  the  addition  of  suprarenal  extract  (6^  solution  of  the 
dried  gland).  The  cocain  is  used  in  strength  from  2^  to 
20^t)  according  to  the  location.  The  anesthesia  appears  in 
about  five  minutes  and  lasts  for  about  thirty  minutes. 

In  fj'i-  an^l  larynx  ofycrattons  the  abolition  of  reflexes  and 
the  diminution  of  hemorrhage  are  very  useful  .side-actions. 
In  connection  with  Its  action  mi  the  eye,  it  must  be  remem- 
bered that  it  does  not  anesthetize  the  iris  when  appUed  to 
the  cornea, 

Cocain  is  also  verj'  useful  in  the  treatment  of  diseases  which 
appear  to  be  due  to  heightened  irritability  of  the  peripheral 
endings,  such  as  kay-fcvcr  and  asthma.  In  these  llie 
cocainization  of  the  nasal  mucous  membrane  is  often  spe- 
cific. The  danger  of  the  formation  of  the  habit  very  often 
interferes  with  its  use. 

'  No  meihcd  of  Ii>cal  anesthesia  can  prerenl  the  "psychic  pain,"  the 
nervous  drwd  of  ihe  pntient,  the  rcTnovnl  of  which  Is  one  of  the  most  vnluabfe 
fcatuieit  ill  i>arcu«».  This  ubjrct  may  be  accuinplishetl  Ljr  giving  V  gnun 
(0.015  (^m.)  morpbiu  hypudciuiicaUy  fifteen  lu  thirty  iDloutcs  l>eiiure  the 
opention. 
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One  per  ctVL  cocain  ointmenl  hts  been  recommeiKled  In  herpes  zoster:  it 
is  niil  to  oot  only  rclicvr.  ihc  [inin,  hut  to  put  a  stop  \o  the  ilt<tcaK. 

The  comparative  value  of  cocain  and  its  succedanea  is 
discussed  on  pages  234  and  238  to  240. 

U'hcn  it  is  desired  to  do  lavfrer  operations  under  the  in- 
fluence of  cocain.  it  wtiuld  seem  best  to  use  it  according  to 
the  mctlwd  of  SchUich. 

He  uses  rery  dilute  solutionn  ( i  :  10,000  to  1 :  500)  at  the  very  place  where 
the  tucition  is  to  he  iiiatle  mid  injfcls  Ihem  in  Kuch  (juaDlily  ti»  to  prvMliK-e  a 
local  edema.  This  dL^teiuion  is  in  itself  anesthetic,  even  when  produced 
with  pure  water,  bycau&ing  tucal  antrmia  and  cnmpir^ing  the  ncrve'tilanicnt5. 
The  effect  i'*  the  larger,  the  roldpr  the  snlininii.  This  eilcnia  is  very  pahiful 
aniesa  prodiKed  by  iscMonic  solutions.  The  ischemin  is  also  userul  in  fumish- 
iug  «  bloodlcu  field  of  operation.  The  injection  may  be  mule  with  an 
(Kilinary  aniiloxiti  ^yringi;,  hut  xn  injecli<n]  aijjinniluH  is  a  great  convenience. 
Fitmi  I  to  30  ounces  nf  the  solution  are  used,  it  heing  essential  to  produce 
ti/ema  o{  the  whole  ticid  of  operation. 

Schlcich  bc^ns  by  injecting  the  Mitulinn  into  (not  under)  the  epidermis 
ODtll  it  raiw^  ■  bhstei  ;  when  this  is  anc-ithetized.  he  injects  somewhat  deeper. 
aod  so  00  until  the  whole  held  of  o[>eration  has  been  covered.  The  use  of  long 
needier  avoids  too  nuincrou^  punctures. 

The  solutions  contain : 

I.  U.  111. 

Cocain 0.3  0.1  0.01 

HarphiD 0.035  0.025  0-005 

NaO      0.2  o,2  0.2 

5*(  Carbolic  acid    .   .  .5  drops  per  same  ume 

100  c.c 

Aqua  dcsltllau  ad     ■    .    .  loo  loo  loo 

I  is  used  when  inflammation  exists. 
II  is  most  generally  useful. 

Ill  is  employed  where  much  solution  is  required. 

The  morphin  in  tliesc  might  as  well  be  omitted. 

Another  way  of  using  cocain  in  extensive  operations  is  to 
inject  it  into  tlic  nerve-truitk  supplying  the  region  (intraneural 
method).  \  2fo  solution  may  be  employed.  While  this 
method  is  frequently  vcr>'  successful,  it  has  sometimes  given 
rise  to  neuritis.  The  cocain  may  also  be  injected  in  tl)e 
neighborhood  of  the  nerve-trunk  (paraneural  method).  All 
tiiesc  may  be  usefully  combined. 

Another  method  which  has  recently  been  advanced  is  to 
inject  the  cocain  directly  into  the  spinal  canal,  where  it 
probably  acts  in  the  same  way  as  wlien  injected  into  the 
ncTVc-trunk.  This  method  has  been  favorably  reported  on, 
and  seems  to  give  good  results  in  practiced  hands.  It 
produces  complete  anesthesia,  slight  diminution  of  motor 

>wcr,  and  absolutely  no  effect  upon  consciousness.     The 
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anesthctia  be^ns  in  from  four  to  ten  minutes,  and  lasts  from 
one-iialf  hour  to  two  hours.  About  I  5  mg.  (not  over  20 
mg.)  in  2^  solution  {y^  to  i  c.c.)  are  injected  between  the 
second  lumbar  ;ind  the  lumbosacr.il  vertebra;  by  means  of  a 
long  platinum  needle.  Some  observers  have  also  used  this 
method  in  obstetrics  and  claim  favorable  results,  although 
it  might  be  supposed  to  lessen  the  contractions  of  the  utt-rus. 
It  can  scarcely  be  supposed  entirely  free  from  danger,  since 
the  solution  may  spread  up  in  the  spinal  canal  to  the 
medulla  (Crile).  The  mortalitj' is  about  i^.  The  injec- 
tion should  be  made  as  low  as  possible  in  the  cord.  Eucain 
has  not  been  sufficiently  tried,  but  seems  to  require  much 
larger  doses. 

Cocain  is  also  useful  locally  in  hntiorrhoids ,  producing 
contraction  and  diminishing  pain.  It  has  been  taken  by  the 
stomach  to  prevent  ''omittng  and  dyspeptic  pain. 

A  peculiar  and  unexplained  fact  is  that  cocain  sometimes 
does  not  produce  its  characteristic  action,  especially  when 
acute  inflammation  is  present.  This  does  not  seem  to 
depend  on  any  chemic  change  in  the  solution. 

3.  Side-actions. — besides  the  danger  of  the  formation 
of  the  habit,  there  are  several  other  objections  to  its  use, 
consisting  in  acute  poisoning  and  some  sidc-eflccts.  Very 
small  doses  sometimes  produce  fatal  results.  The  smallest 
fatal  cjuantit)'  on  record  is  0.08  Gm.  One  Gm.  altogetlicr 
should  never  be  exceeded,  and  0.07  Gm.  is  the  safe  limit. 

Among  llie  side-effects,  headache,  insomnia,  and  vomit- 
ing are  especially  prominent. 

Vin.  OTHER  DRUGS  PRODUCING  LOCAL  ANESTHESIA. 

Cocaia  ant)  (h«  «lkftloJd»  nf  tis  group  nrv  l>y  mi  mp«n<  the  only  subsUncet 
capable  of  paralyzinK  ihe  sensory  cndiogs.  Any  proioplasmic  poisoiu  may  da 
so  under  proper  comliltons,  but  the  »idc-actton  of  many  of  these  may  prevrni 
their  praciiral  emplrtj'mrnl.  Othrrs,  ngain,  do  not  pioduce  complclr  uirs- 
thesia,  but  have  considerable  impon-ince  when  a  prolonged  action  with  intact 
ikin  is  requtrrd.  a^  in  ticuratgic  and  rhcunialic  paiti^.  bruiscii,  etc 

1.  AtroptH  somewhat  resembles  cocain  in  its  action,  but 
is  not  nearly  so  strong.  On  the  other  hand,  it  is  more 
readily  absorbed  from  the  intact  skin,  and  can  be  employed 
in  liniments  and  plasters. 

2.  Aconite  causes  first  irritation  and  then  anesthesia  of 
the  sensory  nerves  without  inflammation. 

3.  Mtchamcai Means. — ia)  Protracted Upid baths.  These 
arc  useful  especially  in  inflammation  and  skin  diseases. 
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(d)  Cotd  baths  or  freezing  produce,  in  addition,  local 
anemia.  The  anesthesia  in  freezing  is  complete,  but  it  has 
several  disadvantages.  It  is  preceded  by  violent  pain,  and 
is  often  followed  by  vesication  and  gangrene  of  the  skin. 
'Die  freezing  may  be  done  in  emergency  by  the  application 
of  ice  and  salt  mixture,  but  more  conveniently  by  spraying 
the  surlace  with  an  easily  volatilizabte  substance  such  as 
ether,  or  especially  ethyl  chlorid. 

4,  Countcrirritants  all  produce  a  depression  of  the  nerves 
after  their  stimulation.  Here  belong  menthol,  camphor, 
turpentine,  essential  oils,  chloroform,  alcohol,  etc.  (See 
Chapter  XXIX.  E.) 

5-  Local  anesthetic  action  is  possessed  by  quite  a  num- 
ber of  the  aromatic  series.  One  of  the  most  important  is 
ettrboiic  acid.  This  produces  a  marked  anesthesia  even  in 
quite  dilute  solutions.  Its  application  is.  howev  er,  often  in- 
jurious, since  it  produces  destruction  of  the  skin,  and  it  may 
be  absorbed  in  sufficient  quantity  to  cause  toxic  symptoms. 
It  is  sometimes  used  in  paracentesis,  by  appl)'ing  a  drop  of 
the  concentrated  liquefied  phenol  to  the  skin,  for  the  double 
purpose  of  anesthetizing  and  disinfecting.  All  the  bodies 
of  this  series  show  both  actions.  Acetanilid  or  antipyrin 
may  both  be  used  in  wounds  in  tlic  form  of  dusting-pow- 
der, but  are  weaker. 

The  most  useful  drug  of  this  kind  is  orthoform.  This 
has  the  same  pharmacologic  action  on  the  sensory  nerves 
as  cocain.  but  differs  from  it  in  being  almost  completely  in- 
soluble ;  and  as  it  is  al.so  very  mpicjly  exci-cted,  it  is  prac- 
tically non-toxic.  This  is  quite  an  advantage  when  large 
open  surfaces,  such  as  ulcers,  are  to  be  kept  under  tlie  con- 
tinued influence  of  a  local  anesthetic. 

On  the  other  hand,  its  insolubilitj'  precludes  its  use  in 
hypodermic  injection.  When  it  is  artificially  brought  into 
solution  and  injected,  it  is  no  less  dangerous  than  cocain 
and  has  no  advantage.  Like  cocain,  it  does  not  penetrate 
tlie  intact  skin,  nor  even  mucous  membranes,  so  that  its 
usefulness  is  limited  to  open  .<;iirfaces.  Here  its  action 
may  be  prolonged  for  daj  s.  It  has,  however,  in  some  cases 
caused  a  necrosis.  Another  use  has  been  to  mix  it  with 
caustics  to  deaden  tlie  pain  of  the  latter.  It  has  also  been 
employed  internally  in  ulcers  or  carcinoma  of  the  stomach. 

Holocain  is  another  coal-tar  derivative  which  has  been 
introduced  as  an  anesthetic  in  ophthalmologic  practice.     It 
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paralyzes  the  sensory  nerves  of  the  cornea  even  more 
powerfully  tlian  cocain,  and  docs  not  produce  any  necrosis,  so 
that  it  possesses  some  very  marked  advantages.  No  toxic 
symptoms  have  ever  been  observed,  and  solutions  are  not 
decomposed  on  boilii^g,  However,  it  has  no  effect  upon 
the  pupils  nor  upon  the  blood-vessels,  and  this  ma\'  make  it 
undesirable  in  some  cases.  For  the  removal  of  foreign 
bodies  one  would  prefer  holocain,  whereas  for  bloody  opera- 
tions, and  esped.illy  for  operations  on  the  lens,  the  c(x:ain 
would  deserve  the  preference.  In  nasal  operations  the 
shrinking  effect  of  cocain  upon  pol\-jn  may  be  a  serious  dis- 
advantage in  snaring,  and  holocain  would  be  preferred. 

It  is  used  in  0.555  to  i^  aqueous  solution.  The  anes- 
thesia appears  in  less  than  half  a  minute  and  lasts  from  five 
to  ten  minutes. 

CA/orif/t^rm-acef0ftf  (ancsonc  ;  chlorctone),  used  in  a  2^ 
solution,  also  has  a  local  anesthetic  action.  It  is  inferior  to 
cocain,  but  is  somewhat  antiseptic. 

Nirvanin,  another  patented  coal-tar  derivative  of  the 
orthoform  type,  is  soluble  in  water,  can  be  sterilized,  and  is 
itself  antiseptic.  Used  in  2%  to  5^  solution.  Stated  to 
be  one-tenth  as  toxic  as  cocain  and  non-irritant. 

Mti»'n,  a  guanitlin  dcrivntivc  of  nnssthrtic  propfrties,  uxd  in  ^  ta  i^ 
aoludon,  is  ohjecltonable,  since  it  is  quite  irrilaat. 


IX.  MATERIA   MEDICA. 

Coca  (U.S.P.,  B.P.). — The  leaves  of  EryiArosyioH  Coea,  Uoev.  Vvn~ 
and  Bolivia,  cultivated. 

Cocain  and  similar  alkaloids;  tannin. 
Pref>aritt\oni  : 

Extraitum  C^va  FltuJum  {\^,^.V.){Li'piiJum,'ii.V.).~I>ost :  ^  to  15  tc. 
f  I  lo  4  drachms). 

*  Vttium  Erythroxyii  (Cor*),  N.F.— 6j^Jfc,     Dost:   30  lo  6o  c.c  (t  lo 

*  Elixir  Eryfkroxyli,  N.F.— 1»%.      Dote:  JOCe    (I  flg). 

*  Elixir  EryiAroxyli  ft  Guararut,  N.F.— Iljfe  of  each.     Do»t :  same. 

CoemiiM(B.I>.). 

^^Cocmna  ffydrot Moras  {\5.^.V.)  [Cotairtit  HyJrockhriJum ,  B.?.].— 
Soluble  In  0.5  pari  water,  Solultuiu  cannot  be  sterilized  by  heat  and  drtefi> 
oimu  on  keepini;.  Diyie:  0.008  loo.l2Gm.  [}\  to  2  gn.).  Hvpodennically. 
intloi^  sol.  On  mucous  membranes,  in  2  to  10%  sol.  Infiltiation,  see 
page  237.     IntrB<<ptnal,  ij  mg  in  ^%. 

IjunelUc  Cocainie  (B.P.).     Each  *^  gr.  of  hydrochlorid. 

Injeclia  Cocainx  Hypodenntai  (B.P.). — lo<(.  Dott:  Oil  lo  0.3  c.c  {* 
to  5  minims). 

Unguentum  Cocaine  (B.P.). — ^%. 

•Not  official. 

The  most  Iroporlant  preparalioiu  are  marked  ^^ 
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Tnxhitci  KnHncn.-v  ct  Cocainae  {B.P.  I. — Each  ^  grain. 

,\  EutaiM  II. — Arlilicial  alkaloid.  Soluble  in  wacer.  Solutions  can  be 
hefttcd  and  keep  well.     L'ud  in  2%  solution. 

4*4  /AfWatM  HydroekloriJ, — Fheiiacetin  deriv-ative.  Soluble  in  40  water. 
UmkI  in  I  %  solution. 

,%  Ortha/orm. — SyotbetJc  compound,  but  slightly  soluble.  Locally  as 
darling  powder  or  as  lo  to  30<(  fMnlmeot 

X.    DRUGS  PARALYZING  TASTE  ORGANS. 

Allied  in  this  respect  to  cocain,  there  are  a  number  of  substances  whose 
action  is,  however,  confined  to  lasle.    (See  p.  115.) 

Gymnfmir  ^nt/ {imta  Gymtfmti  ly/tfi/nt). — Dcstroyi  bitter  and  tiweet; 
^liol  arid  ur  lalL 

Eriodictyoa  (U.S.P.).— Knirt  Saufa,  Tlie  leaves  of  £".  glutinosum^ 
Hydrophyllaceo:.     California.     De«roys  bitlei  lasie  ;   not  sweet,  or  salt,  acid. 

Volatile  oil,  re^n,  glucosid.  eriodictic  acid,  tannin. 
I  Prep,xrah9Hs  : 

I       £xtraftuM  Eric<iicly<m  Flnidum  (U.S.P.). — Alcoliol   four-fifths.     Makes 
Iturbid  mixture  with  water.     Don  :  0.6  to  2  cc.  (lO  to  Jo  miuims). 
j       ^*fEitxir    En'isfufyoH    Mrematicum,    H.F.—JS/ijrir    Corrjgem.     6)J. 
tj>M* .-  ad  Itbituo). 


CHAPTER  XI. 
(A)  THE  ACTION  OF  DRUGS  UPON  THE  HKART. 

StNtV  manjr  of  the  followii^  drugs  have  iotne  of  their  most  cbamcteristic 
em]  tnirre«tiiig  actions  upon  the  hcnrt,  and  sJncc  thi^i  organ  has  an  cxlieiuely 
coniplii-alrd  physiulug^',  il  will  Ih'  writ  to  devote  a  chaplrr  to  l\w  discussion  of 
the  tnethnd*)  whi<rli  ran  tie  umnI  in  studying  thi?i  or){an. 

The  physiology  of  the  beaii  i*  a  Mibjent  at  pre&cul  to  much  in  dispulc  that 
iftlaausl  every  lencher  ami  investigator  fuvontii  thenry  differitig  in  more  or  leu 
Dliol  \k»mf>  rn«i  all  other*.  The  theories  regarding  the  action  of  drugs 
»  the  heart  will,  of  course,  vary  ns  do  those  regarding  its  phy.<iiulogy.  It 
lift  Well,  ihnrrore,  to  rtcnpitiiUte  wIihI  is  known  with  cerlninty,  am)  In  state 
I  fimhrr  Ji«mf  hypi>lhe,'es  which  will  take  account  of  the  action  of  the  different 
a.  It  inu4t  be  clearly  unUcrsIuud  that  IIicm;  hy|x)tlicM:s  arc  not  .<dnlcd  as 
,  but  only  as  aidA.  Pwbably  they  will  be  shown  eventually  lo  be  wrong  in 
ilml  |Miniculat«. 

1    INXERVATIOX  OF  TlIK  HEART. 

I.  Extrinsic  Nerves. — The  hcaitis  supplietj  by  two  sets 

fpf  ncrvt:-fibcrs,  the  va^ns  and  accderator.     Stimulation  of 

Ihc   former  slows,  of  the    latter  quickens,  the  rate.     The 

origin  (center)  for  both  of  these  nerves  is  in  the  medulla. 

'  Tonic  impulses  are  continually  passing  down  tJie  vagus  in 

certain  mammals,  particularly  man  and  in  dogs.     There  are 

10  such  tonic  impulses  to  the  vagus  in  some  other  animals: 

The  most  important  preparatjous  are  marked  ,*^ 
16 
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It  is  quite  inactive  in  mbblt.s  and  has  but  a  weak  action  in 
frogs.  In  those  aniniaLs  in  which  the  vagus  is  tonically  ex- 
cited severance  of  these  nerves  will  cause  increased  rate  of 
the  heart.  Tonic  ini[iulses  also  seem  to  pass  down  tiic  ac- 
celerator in  like  manner,  but  these  have  considerably  less 
influence  than  those  passing  the  vagus.  The  vagus  fibers 
end  in  gdftgUa  situated  in  the  basal  portion  of  the  heart. 
These  ganglia  are  connected  by  fibers  and  endings  to  tlie 
individual  nniscle- fibers.  Jhc  apex  of  the  heart  is  free  from 
gangliei,  but  not  from  endings.  The  accelerator  nerve  also 
possesses  ganglia,  but  tlicsc  are  situated  outside  the  heart, 
the  exact  situation  being  unknoxvn.  They  also  end  in  the 
intlividual  mu-scle-fiber.*;.  The  nerve  endings  in  the  heart 
consist  of  '*//vc  endings "  similar  to  those  of  unstriped 
muscles.  There  is  no  structure  corresponding  to  the  end 
plates  of  striped  muscles. 

There  is  a  third  set  of  extrinsic  nerves  in  the  heart ; 
namely,  sensory.  These  end  free  under  the  pericardium  and 
endocardium,  and  are  most  numerous  in  the  auricles.  Their 
stimulation  causes  pain  and  a  fall  of  blood  pressure.  Their 
fifjcrs  form  the  depressor  nerve. 

2.  Intrinsic  Nerves. — These  consist  of  the  vagus  gan- 
giia  and  Imth  kinds  oi  fibers  ami  endings.  The  ganglia  arc 
most  numerous  at  the  junction  of  the  auricles  and  ventricles. 
It  must  be  considered  as  ver)'  doubtful  whether  any  local 
reflex  mechanism  cxi.sts  in  the  heart ;  /.  e..  whether  any  im- 
pulses arising  from  one  portinn  of  the  heart  are  transmitted 
to  another  portion  by  a  nerx'ous  mechanism  consisting  of 
fibers  and  cells.  ilic  above-mentioned  structures  arc. 
however,  to  a  certain  extent  tonically  active  after  severance 
of  their  central  connections.  They  may  be  stimulated  or 
depressed  directly.  They  influence  the  rhythmic  contraction 
and  otlicr  phenomena  of  Uie  heart.  Tiic  influence  of  the 
central  nervous  system  upon  the  heart  is  easily  excluded 
by  severance  of  the  two  vago-sympathctic  nerves  in  the 
frog,  or  vagi  and  accelerators  in  mammals.  When  this  is 
done,  the  heart  still  beats  rhythmically  and  shows  all  of  the 
t^'pical  phenomena.  Since  these  phenomena  may  be  seen 
on  isolated  apex  preparations,  it  results  that  they  can  be 
produced  by  the  muscle-fibers  and  ner\e  endings  alone 
without  the  presence  of  nerve-cells.  This  docs  not.  of 
course,  show  that  the  nerve-cells  have  no  connection  u*ith 
the  nonnal  action. 
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II.  I'HENOMENA  OF  THE  HEART. 
So  far  wc  have  been  dealing  with  facts.     We  will  now 
try  to  build  up  from  tlicse  facts  a  theory  to  explain  these 
phenomena. 

1.  Rhythmic  Beat. — The  power  of  rhythmic  contraction 
may  be  considered  as  a  property  of  the  muscle-fiber,  fur 
which  nervous  structures  are  not  necessar>'.  They  can. 
however,  be  modified  by  nervous  impulses  traveling  down 
cither  the  vagus  or  accelerator.  Here,  again,  two  different 
sets  of  effects  may  be  produced  ;  namely,  upon  the  rate  or 
the  strength  of  the  imiividual  contractions.  It  is  possible 
that  these  two  sets  of  iin[>Lilses  pass  along  different  nerve- 
fibcrs.  The  muscle  is  much  less  excitable  to  impulses 
setting  up  these  rhythmic  contractions  in  the  absence  of 
gangh'onic  connections. 

Wc  may  consider  that  the  muscIe-fibcrs  at  the  base  of  the 
heart  are  more  subject  to  contraction  than  the  apical  fibers, 
and  that  on  this  account  the  contraction  always  normally 
starts  at  the  biise,  and  that  the  contraction  w  ave  stiirted  here  is 
communicated  bj*  muscular  conduction  to  the  fibers  toward 
the  apex.  When  the  excitability  of  the  ajjex  is  increased,  as 
by  digitalis,  independent  contractions  may  take  their  origin 
here. 

2.  The  strength  of  the  contraction  will  depend  largely 
upon  the  state  of  the  muscle.  It  may  be  modified  in  tlic 
following  ways  :  in  rapidity  ;  in  greater  capacity  for  relaxa- 
tion (greater  diastole):  in  an  increased  tendency  to  contrac- 
tion (greater  systole),  which  may  find  its  expression  in 
greater  individual  contractions,  or  in  later  stages  leads  to 
permanent  contracture  or  increase  in  lone.  Still  more 
advanced  action  along  this  line  would  lead  to  systolic 
stajidstill.  The  coordination  of  the  muscular  contraction 
may  also  be  influenced.  It  is  conceivable  tliat  an  increase 
of  tJlc  excitability  beyond  certain  limits  will  cause  contnic- 
tionsto  arise  at  points  other  than  the  base  instead  of  simply 
iKing  communicated  fronj  the  latter.  In  this  case  contrac- 
b<>n  would  be  perfectly  irregular,  and  would  give  us  a  con- 
dition similar  to  the  fibrillar  contraction  of  delirium  cordis. 

3.  The  rate  of  the  heart  will  be  dependent  upon  :  1. 
The  stale  of  the  muscle,  its  excitability,'',  and  its  power  of 
contraction  and  relaxation.  2,  Upon  the  nervous  mechan- 
ism, stimulation,  or  depression  of  cither  vagus  or  accelera- 
tor in  any  part  of  their  course ;  this,  again,  may  be  direct 


or  reflex.  3.  The  state  of  the  muscle  may  also  be  affected 
indirectly  through  change  in  the  circulation  by  drugs  acting 
either  directly  upon  tlie  coronarj'  vessels  or  indirectly 
through  the  general  blnod  pressure,  an  increased  action  of 
the  heart  causing  an  increase  of  the  coronary  circulation. 
The  coronary  circulation  is  in  turn  influenced  by  the  state 
.of  the  heart  muscle,  it  being  lessened  by  the  dilatation  of 
the  licarL 

The  drug  acting  locally  upon  the  heart  may,  therefore, 
aflfect :  the  muscular  fibers,  tht  vagus  ganglia  or  endings, 
the  accelerator  endings,  or  the  coronary  circulation. 

4.  The  following  results  may  be  produced  upon  the: 


(a)  Rate  of  the  Heart : 


Stimulaiion 

Depression 

SlinmloLion  or 
tli-prrMKin 

Diminishod  czcita* 
bility 

DimiiiiHhcil  power 

lncTei«e<l       excur- 
sion 

Diminjahed      coii- 
duclivtly 

Decrease 


1  Vagus  ccnrer        "l 
"      endings     J 
I  Accelcmtor  center 
\  "  endin^fi 

i  Keflex  of  the  1 
\      centers      / 


Heart  muscle 


CoroQftry  circulicioo 


(b)  Work  of  Heart : 

Inereasfd. 

Incrpttsetl  Rate 

'•  Force  of  moacle 


QuUkming  : 
riepre»»on 

StimuUlton 

Slitniilalinn  Off 
tlcprewyjon 

Inrressed 

locrease 


Diminishtd. 
Diminished 


(c)  Amplitude  of  Excursions  : 

The  latter  is  increased  through  mild,  diminished  through 
strong,  stimulation  of: 

Vagus  mechanism  :     tends  to  diastole 
Musclc'fiber  :  tcnd.s  to  systole. 

4.  By  local  motor  mechanism  is  meant  tlie  power  of 
rhylhmk  contraction  jxjsscased  by  cardiac  muscle,  as  dis- 
tinguished fi-om  its  huiwUinai  contractions.  A  muscle  may 
have  lost  the  former,  but  still  possess  the  latter,  although 
usually  in  weakened  condition.  As  we  have  seen,  Uiis  local 
mechanism  is  not  dept'ndi-nt  upon  nervous  connection,  but 
is  inftudiced  by  nerves,  the  latter  probably  modifying  the 
muscle-fibers.      Wc  wish  to  lay  particular  stress  that   by 
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this  term  we  do  not  mean  any  roflcx  chain  consisting  of 
aflerent  nerves,  nene-cells.  efferent  nerves,  aijd  ending-cells, 
but  simply  a  physi«Mogic  peculiarity  of  the  muscle-fibers, 
residing  in  the  muscle-fibers  alone. 

Overstimulation  uf  this  meclumism  at  first  causes  the 
rhyclmiic  contraction  to  become  ** peristaltic  " — i.  r.,  a  given 
plane  being  strongly  contracted  wtiile  a  plane  a  very  little 
below  has  not  yet  begun  to  contract.  Tliis  peristalsis  is 
followed  in  mammals,  but  not  in  frogs.  \y^'  fibrifiary  contrac' 
tioH  (delirium  cordis),  in  which  the  contnicttons  are  without 
any  order.  This  condition,  again,  is  followed  by  paralysis. 
(The  reason  why  frogs'  hearts  do  not  give  this  fibrillary 
contraction  lies  in  the  fact  that  the  muscles  in  these  animals 
arc  not  so  active;  when  their  activity  is  raised, — «'. ^.,  by 
heat, — they  are  also  capable  of  fibrillation.) 

5.  The  tone,  or  elastic  property,  of  cardiac  muscle 
means  that  functional  state  of  the  muscle  by  which  it  tends 
to  assume  a  systolic  condition.  In  light  degrees,  especially 
if  the  property  of  relaxation  is  at  the  same  time  height- 
ened, tliis  increases  the  efficiency  of  the  contraction  and 
the  volume  of  blood  thrown  out,  while  a  high  degree  of 
tone  diminislies  the  efficiency  by  prevrnting  the  relaxation. 
Ifthi^  property'  is  still  further  heightened,  it  leads  to  systolic 
stan<istill,  which  j>ersi.sts  in  frogs,  but  is  soon  replaced  by 
postmnrtem  relaxation  in  mammals. 

6.  Standstill  of  the  heart  may  be  caused  by  excessive 
contractilitj'  of  the  muscle  (systolic),  or  by  the  absence  of 
this  contraction — direct  paralysis  of  the  muscle  (diastolic 
standstill).  This,  again,  may  involve  only  the  power  of 
rhythmic  contraction,  in  which  case  stimulation  of  the  heart, 
nieehanicaily  or  chemically,  will  cause  single  contractions. 
Or  the  contractility  of  the  heart  may  be  abolished  alto- 
gether.   Or  standstill  may  be  caused  by  strong  stimulations 

I  of  the  vagus  in  any  part  of  its  course.     The  seat  of  this 
stimulation  can  be  shown  to  be  above  the  ganglia  by  division 

I  of  the  nerve  ;  at  or  bflow  the  ganglia,  by  drugs. 

Standstill  may  also  be  brought  about  indirectly  through 
insufliciency  in  the  coronary  circulation.  If  this  is  due  to 
low  blood  pressure, — as,  f.  g.,  in  asphyxia, — the  right  side  of 
the  heart  will  be  greatly  distended,  and  when  tlie  blood  pres- 
sure in  the  aorta  is  sufficiently  diminislicd.  the  pressure  in 
the  right  side  of  the  heart  may  become  greater  than  in  the 
icft,  and,  if  this  is  the  case,  may  establish  a  new  coronary 
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circulation  in  the  reverse  direction  tlirough  the  veins  of 
TlicbLHius.  Jhis  probably  accounts  for  those  cases  in 
wliicli  tlie  heart  seems  to  recover  spontaneously  after  once 
havinjj  stopped. 


III.  METHODS  OF  STUDYING  THE  HEART. 

(A)  The  influence  of  the  central  nerroas  S3rstem 
may  very  easiiy  be  excluded  by  section  of  the  nerve-trunks. 
Cyon  has  also  devised  a  method  of  studying  the  effects  of 
drugs  upon  the  cerebral  cardiac  centers  by  separating  these 
from  the  fjencral  circulation  and  artilicially  circulating 
throu;4h  them  defibrinated  blood  containing  the  poisons  to 
be  studied,  which  in  this  way  do  not  reach  the  heart  at  all. 

(B)  The  study  of  drugs  upon  tlic  peripheral  mechanism 
of  the  heart  is  complicated  by  the  invoivenient  of  tlie  gen- 
eral circulation.  If  it  is  desired  to  know  with  certainty  the 
action  on  the  heart,  the  latter  must  be  completely  isolated 
from  the  peripheral  vessels.  This  is  comparatively  easy  in 
the  frog,  and  one  of  the  neatest  devices  for  this  purpose  is 
the  Williams  apparatus.  Having  ascertained  the  action  of 
the  drug  upon  the  entire  heart,  it  is  ncccssar>'  to  locate  its 
exact  seat;  whetlier  this  is  in  the  ganglia,  either  kind  of 
endings,  or  muscle-fibers.  For  this  purpose  we  commonly 
make  use  of  poisons,  especially  the  following: 

Nioolin  tu  ciUK  }»iklyH&  of  the  viif>u«  gnnglia. 
Alropin  to  panly^c  the  va^itA  ciulings. 
MuMTArin  or  pilocarpjn  In  .^imiilate  (he  T!iga%  endings, 
FhyM>i»ligii)in  or  cuiiphur  to  stimulatr  the  miucle-fihcre. 
AjH)m>ir|ihin  to  [i»irri!y3r<"  (he  musfle-hbrni. 

It  must  not  be  thought  that  tlicse  prisons  paralyze  or 
stimulate  exclusively  those  structures  which  are  mentioned 
in  this  list.  Their  action  is  a  much  more  extensive  one, 
and  they  may  even  stimulate  one  structure  while  paralyzing 
another.  However,  when  properly  u.sed.  the  above  effects 
predominate  so  strongly  that  their  actions  may  well  be  ac- 
cepted in  this  sense. 

(C)  For  the  isolation  of  the  mammalian  heart  various 
methods  have  Ixen  employed.  It  is  necessary  to  study 
these  in  more  detail,  since  in  many  cases  the  interpretation 
of  the  results  will  depend  upon  the  method  which  has  been 
employed. 

The  registration  of  the  cardiac  activity  may  be  done  by 
recording  the  contractions  of  the  heart  with  a  lever  (myo- 
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graph),  or  by  measuring  the  blood  pressure  in  the  cavity 
of  the  heart,  or  by  estimating  tlie  volume  of  blood  which 
the  heart  throws  out  in  a  given  time  or  at  each  contraction. 

Methods  for  the  study  of  the  mammalian  heart  may  be 
classified  as  follows  ; 

I.  Those  using  the  heart  under  nearly  normal  condi- 
tions. 

1.  The  method  involving  the  least  operative  procedure  is 
that  of  measuring  the  volume  of  the  output  of  the  heart 
according  to  the  nuthod  of  Stnvart.  The  principle  of  this 
is  to  inject  a  known  amount  of  dilute  salt  solution  into  the 
circulation.  I'Vom  the  diflcrence  in  the  conductivity  of  a 
sample  of  defibrinated  blood,  before  and  after  injection,  the 
amount  of  salt  solution  with  which  it  has  bet-n  diluted  can 
be  calculated.  Tlie  factors  of  peripheral  resistance,  central 
innervation,  etc.,  are,  of  course,  present. 

2.  Cariiiomyograttts  may  be  taken  after  opening  the  chest 
under  artificial  respiration  and  attaching  levers  to  the  heart 
by  means  of  hooks  and  strings,  etc.  (Modifications  of  the 
method  of  Roy  and  Adami.) 

II.  Methods  employing  the  whole  heart  and  pulmo- 
nary circulation  (excluding  the  peripheral  vessels  and,  to  a 
large  extent, the  brain) (Fig.  48).  These  methods  differ  by 
the  manner  in  which  tlie  action  of  the  heart  is  obsei-ved  or 
recorded,  which  may  be  done  by  direct  observation,  by 
taking  pressure  curves  from  the  carotid  or  from  the  ventri- 
cles. t»r  by  the  cardiomyogram.  The  methods  rest  essen- 
tially upon  establishing  a  connection  between  the  large 
arteries  and  large  vein.s.  and  then  Hg.iting  the  vessels  periph- 
erally to  this  connection.  Tlie  vessels  which  are  em- 
ployed for  this  purpo.sc  and  the  apparatus  u.sed  for  establish- 
ing the  connectious  vary  in  the  different  methods  : 

(rt)  CommunimtioH  establhkai  dehvftn  the  tjnrfa  and  right 
tmrifU: 

I.  Martinis  original  method.  In  this,  a  communication  is 
established  through  a  reservoir  containing  defibrinated  blood 
and  connected  with  the  right  auricle,  while  the  left  ventricle 
pumps  the  blood  through  a  tube  back  into  the  ruserN'oir. 
The  course  of  this  blood  then  is :  right  auricle,  pulmonary 
circulation,  left  heart,  standing  tube,  and  reservoir.  The 
ox>'^cnation  of  the  blood  is  effected  by  artificial  respiration. 

J.  Thf  modified  method  of  Martin  and  Applegarth  estab- 
lishes a  communication  through  tlie  coronar>'  vessels,  the 
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of  the  last,  in  that  it  measures  the  intracardiac  pressure  and 
the  outflow  through  the  pulmonary  artery. 

4.  Ht'don  and  Arrous  nuOwd  differs  from  the  preceding 
methods  by  leaving  out  the  reservoir,  simply  tying  the 
aorta  and  its  branches  and  the  vena  cava.  The  course  of 
the  blood  is:  aorta,  coronar)'  circulation,  right  heart,  pul- 
monary circulation,  left  heart,  and  aorta.  Oxygenation  is 
by  artificial  respiration. 

The  heart  survives  some  hours.  It  becomes  progressively 
slower  by  the  using  up  of  material  and  the  production  of 
waste  products,  but  it  remains  regular. 

5.  Cyon  connects  the  aorta  with  the  vena  cava.  In  addi- 
tion, he  is  very  careful  to  ligate  all  the  vessels  leading  to  the 
brain,  so  that  he  can  expose  this  organ  to  poisons  without 
their  reaching  the  general  circulation. 

(^)  Com  tuuniai  lion  through  the  carotid  and  jugular.  The 
methods  differ  mainly  in  the  mechanism  introduced  as 
resistance,  this  being  either  constant  or  variable  : 

1.  StohdkiKV  makes  the  connection  through  two  glass 
vessels  of  known  content,  which  are  reversible,  and  one 
of  which  is  alternately  filled  by  blood  exf>clled  from  the 
heart,  while  the  other  empties  into  the  vena  cava.  In  this 
way  the  volume  of  blood  expelled  by  the  heart  in  a  given 
time  can  be  measured.  The  other  vessels  are,  of  course, 
ligated.     Oxygenation  is  by  artificial  respiration. 

2.  Bohr  and  Henri^ues  establish  the  connection  by  a 
simple  tube.  Hcring  does  not  Hgate  the  veins,  using  tliem 
as  a  pressure  regulator.  Rock  fonns  the  connection  through 
a  compressible  tube  and  screw  cock,  so  that  a  varying 
resistance  may  be  introduced. 

In  all  these  methods  the  registration  is  done  by  a 
manometer  in  the  other  carotid,  the  aorta  and  vena  cava 
being  ligated  and  artificial  respiration  being  kept  up. 

HI.  Completely  isolated  hearts;  (.  e-.,  without  the  pul- 
monary circulation,  but  witli  the  ganglia  still  active.  In 
these  methods  the  blood  must  be  artificially  oxygenated, 
and  i«i  usually  introduced  under  pressure.  Otherwise  the 
methods  are  similar  to  the  preceding. 

I.  Tschitifwitch  uses  practically  Martin's  original  method, 
connecting  the  pulmonary  artery  with  the  pulmonary  vein 
by  a  tube,  the  course  of  the  blood  being  :  resen'oir,  jugular 
vdn,  right  heart,  connecting  piece,  left  heart,  aorta,  and 

crvoir. 


250 


ATROPIN    GROUP. 


CH.  XI. 


2.  Langcndorff  uses  only  the  coronary  circulation,  intro- 
ducing the  blood  into  the  aorta  undtrr  pressure,  from  which 
it  goes  through  the  coronary  circulation  and  flows  out  of 
the  right  Iicait.  The  shape  of  the  heart,  number  and 
strengtli  of  beats,  and  the  numlier  of  drops  flowing  through 
tlie  right  heart  may  be  measured  in  this  way. 

A  lifjart  ]jri:i)art;d  in  this  way  is  subject  to  spontaneous 
changes,  cspeciall>'  to  gradual  depression,  and  consequently 
conclusions  on  the  actions  of  poisons  can  only  be  drawn: 
{«)  if  a  change  takes  place,  but  disappears  again  when 
normal  blood  is  circulated;  {b)  if  a  rather  lasting  accelera- 
tion occurs;  (c)  if  the  velocity  of  the  coronary  circulation 
is  increased. 

3.  Hcdott  and  Arrous  ligate  the  aorta  and  vena  cava 
and  connect  the  pulmonar>'  artery  and  puhnonan,'  vein 
directly,  feeding  the  heart  with  its  own  blood  and  keeping 
it  alive  by  artificial  methods. 

IV.  Isolated  apex  preparations;  i.  r.,  ganglion-free  heart 
muscle.  Porter  has  succeeded  in  maintaining  rhythmic 
contractions  of  isolated  strips  of  the  apex  of  the  heart 
by  injecting  oxygenated  blood  under  pressure  into  a  branch 
of  the  coronar)'  artery  supplying  it 


CB)  ATROPIN  GROUP. 

This  starts  in  o  number  of  jjroups  whos*  aciioD  i*  mainl)|  peripheral,  exerted 
upon  gnn|;lla  and  endings  uf  gkndik  and  cardiac  uikd  un»trT|>ed  muKle.  They 
juw  hftTc  ui  action  upon  the  cenlnl  ncr\'ou8  sjrsteau 


I.  MEMBERS. 

The  atropin  gronp  compri.scs  a  number  of  alkalotds  of  very  stmilw  COn* 
position  :  etncr-like  compoiiii<1^  (after  the  manner  of  cocain')  of  a  ba.*«,  trtfin 
(or  one  very  similar],  and  an  acid.  When,  obtained  artificially,  the«e  are 
called  tre/tfins. 

The  group  Includes: 
Atroptn : 

Tro]«n  and  Tropic  ( (C.H,  ,NO  +  C,H,«0,  =  C,,H,,NO,  +  H,0). 
acid.  *(       Ttnpin  Tropic  Acid  Atropin 

Dafurin  idenlicnl. 
Hyoseyamin  isomeric. 
Hyfitcin  fScopolamin)  very  Gimilor, 

Duboisin.      Mixture  of  last  two. 
Tropeios  proper:    Belladonnin  =  Helladonnic  Acid  TrOfHii. 
BeM2t>y!  Trfffifin  ^  Beiuoic    "  " 

Himtntropin  —  Oxylnluic         "  " 

Plomatropin,  an  unisolaled  ptomaia  of  spoiled  meat,  has  apparently  an  identi- 
cal action. 
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Deriration. — The  fiifTci-ent  alkaloids  are  usually  found 
in  the  same  plants,  and  arc  formed  from  one  another. 

Tbcy  are  also  formpd  in  ihe  |>nxxas  of  extrsdion.  The  drags  which 
mainly  conuin  them  are : 

Atropa  Beliadunna   \ 

Iteiurm  Stnimoniuin  >  Family  of  Solanacex.* 

Hyoscyamus  niger  J 

Olhcn  of  tnach  less  practical  importance  are  : 

Duboisia  myoporoidcs. 
Mandragora  auUiunalis. 
(Ldctuca  TlroM?J 

The  first  indubitable  notice  of  belladonna  occurs  in  1 504, 
but  it  tlicn  came  quickly  into  use  for  poisoning  and  cosmetic 
purposes.  The  name  Atropos  is  from  the  oldest  of  the 
Three  Fates,  who  cuts  the  thread  of  life.  Belladonna  comes 
from  the  Italian,  "handsome  woman,"  as  it  was  used  to 
give  luster  to  the  eyes. 


11.  SUMMARY  OF  ACTIONS. 

These  differ  only  quantitatively  in  the  diflerent  members 
of  the  group. 

1.  Excitation  and  then  paralysis  of  certain  parts  of  the 
central  nervous  system. 

2.  Primary  paralysis  of  certain  peripheral  nerve  oi^ans. 

3.  SHght  stimulation  and  subsequent  paralysis  of  smooth 
and  cardiac  muscle. 

The  peripheral  oi^ans  paralyzed  are  the  nervous  mech- 
anisms of  secretion,  pupil  and  accotntnodation.  and  of  un- 
striped  muscle,  especially  intestinal  and  cirdiac.  In  these 
respects  it  is  the  exact  antagonist  of  niuscarin. 

On  local  application  it  paralyzes  also  the  sensory  nerve 
endings. 

IH.   DETAILS  OF  ACTIONS. 

X.    Central    Neryous    System. — (A)    Hemispheres. — 

Those  show  exaltation,  with  a  sub-sequcnt  depression,  espe- 
cially of  tlie  psychic  centers :  Restlessness,  vertigo,  chorcoid 
movements,  incoherent  and  constant  speaking,  uncontrol- 
lable laughter,  delirium,  usually  cheerful,  and  Bnally  mania. 

These  actions  somewhat  resemble  those  of  the  cxciterDcnl  itage  ur  alcu- 
bol,  bat  from  the  general  action  of  the  poison,  they  ore  protiably  »tiiDulan(, 
whereas  ibe  latter  (of  alcuhol)  are  depres-tant. 


*  The  family  of  SoUiuceK  also  contains  Tobacco.  C«p«cuia,  PoUto.  etc 
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In  the  secondary  paralytic  stage,  drowsiness,  coma,  and 
finally  convulsions  occur,  the  latter  largely  from  asphyxia. 

Some  other  cerebral  centers  are  al«j  alTrt-led  : 

The  X'uioH  is  disturbed  more  than  can  )>e  evptaincd  hy  loss  of  accommod*- 
tjun. 

The  motor  areas  in  dogs  are  staled  by  wime  obsenrer*  lo  be  mare  excitable, 
but  others  deny  this. 

Hyoscyamin  and  hyoscin  differ  Jn  .so  far  from  the  typical 
atropin  action  that  they  produce  sleep  without  primaiy  ex- 
altation. They  are,  however,  somewhat  uncertain  as  hyp- 
notics. 

Hyoscin.  y^  grain  hypodcrmically,  also  often  entirely 
arrests  the  tremors  of  paralysis  agitins  and  of  lead-poisoning. 

(B)  The  effects  on  medulla  and  spinal  cord  arc  .similar 
in  kind  to  those  of  strychnin,  but  are  weaker  and  come  on 
mucli  later  in  the  course  of  tl»e  poisoning.  They  are 
therefore  of  comparatively  little  importance. 

Paralysis  of  respiration  (Fig.  49,  C)  is  the  usual  cause  of 
death,  but  comes  on  vciy  late. 

With  atropin  the  aflcclion  spreads  fnim  the  hctni<ipheres  downward.  Caf- 
fein,  atropin.  and  strychnin  foiming  a  regular  scries  in  this  rcspcvl.  CaRcin 
acts  most  on  the  uppcniio>t  portion  of  the  neural  axis,  strjchniu  on  the  lowest, 
and  atropin  -iinnds  inicmicflinlr. 

2.  Peripheral  Actions. — (A)  Glands. — One  of  the 
first  symptoms  of  atro pin-poisoning  is  dr)'ness  of  the  mouth, 
hoarseness,  thirst,  difficult  aiticulatlon.  and  dysphagia, 
from  the  suppression  of  the  secretions  of  the  mouth.  It 
diminishes  not  only  the  saliva,  but  also  mucus,  sweat,  gas- 
tric (l>oth  quantity  and  acidity)  and  pancreatic  juice,  and 
milk.     On  urine  it  has  but  a  small  eflfect. 

The  mechanism  of  tfds  action  can  be  best  studied  on  the 
submaxillary  gland.  One  can  at  once  exclude  any  central 
paralysis,  for  electric  .stimulation  nf  the  chorda  tympani  has 
no  effect.  The  paralyzing  action  is  therefore  peripheral, 
and  could  be  on  the  ganglia,  endings,  or  salivar>'  cells.  The 
former  are  excluded  by  the  fact  that  stimulation  of  the 
nerves  pcriphera.1  to  the  ganglia  is  also  ineffectual.  Further, 
nicotin  (which  stimulates  ganglia)  does  not  act  after  atropin. 
We  can  ehminate  paralysis  of  the  gbnd-cells.*  for  stimula- 
tion of  the  sympathetic  is  still  effectual.  By  exclusion,  it 
results  that  the  action  must  be  on  the  nerve  endings. 

'  This  is  the  tbcjry  generally  held.  Recent  ex]>crimcnts  go  to  show  that 
atiopin  acts  also  on  the  cclK  |>ani]yiing  the  functions  excited  by  the  clionU, 
but  not  those  under  the  control  of  the  sympathetic. 
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The  chorda,  besides  secretory,  also  contains  vasodilator 
fibers.  The  latter  are  not  paralyzed,  and  stimulation  causes 
an  increased  venous  outflow  from  the  glands. 


vy^^-vjvm 
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I^K' 49 — Atropin:  action  begins  at  X-  ^,  Carotid  pressure,  d<^.  Shows 
progresuTC  qtiicketiing  with  smaller  beats.  B,  Cardiomyogram,  di^.  The 
Tagus  ganglia  were  pualyxed  by  nicotin  (u).  The  atropin  causes  strengthen- 
ing of  tlie  beats.    C,  Cheyne-Stokes  respiration  after  atropin  (diaphragm- lever ; 

The  secretion  of  saliva  being  entirely  dependent  upon 
the  integrity  of  the  nervous  connection,  it  may  be  entirely 
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stopjjcd  by  atrojiin.  But  with  the  other  secretions  the 
nervous  influence  is  not  so  important,  and  hence  they  are 
not  entirely  arrested,  although  decreased.  The  point  of 
attack  is  the  same  with  them  as  with  the  salivarj'^  glands. 

The  nerve-fibers  are  not  affected,  even  on  direct  applica- 
tion of  the  drug. 

The  ncnous  influences  which  cause  the  formation  of 
sugar  from  glycogen  in  the  liver  arc  also  cut  off. 

(B)  In  the  eye  atropin  causes  dilatation  of  the  pupil  and 
loss  of  reaction  to  light ;  loss  of  the  power  of  accommoda- 
tion ;  and  rise  of  intraocular  pressure. 

{a)  To  explain  this  action,  it  will  be  well  to  recapitulate 
the  anatomic  basis  of  the  pupUlary  mechanism  (Fig.  50) : 


O 


c1ten» 


— i- ,^0tfv 


CiiiatT^  G. 


(l|)5uf.Ctrw.6. 


Fig.  50.— Iniienralion  of  pupil  (adApted  rrom  P.  Schultx) :  Solid  1in«  ^ 
^nnpalhelic  (dilator);  Bnedotted  tine  =  oculomotor  (coastrictor)  ;  coarse  dotted 
tine  =  irigeininal. 

1 .  The  pupil  contains  two  sets  of  smooth  muscle-fibers, 
the  sphincters  and  dilators. 

2.  The  former  (sphincters)  are  innervated  by  fibers  con- 
tained in  the  oculomotor.  These  terminate  around  the  cells 
of  the  cUiary  ganglia.  From  here  the  fibers  pass  as  the 
short  ciliary  ucnr. 

3.  The  nerve- libers  for  the  dilators  run  in  l^e.  eervicai 
jriw/rt/Ai-rtV  and  terminate  in  \.\\k  superior  certncai gatiglioH. 
The  fibers  which  arise  from  here  go  direct  to  the  dilator 
muscle  without  passing  througli  any  otlier  cells.  Tltey  run 
to  the  Gasserian  ganglion,  where  they  join  the  first  branch 
of  the  trigeminal,  and  go  from  here  as  the  long  ciliary  to 
the  muscle. 
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Tbe  superior  cervicat  ganglidn  also  gives  off  fibcn  which  go  lo  the  intcroal 
^LTotiil,  and,  Ihcrefbre,  ioHuciicc  the  l>Iuod  Mi()pl)'  of  the  eyeball. 

The  pupils  may.  therefore,  be  affected  through  the  fol- 
lowng  mechanisms : 


t.A)  UtLAToK  Mechanism. 

1.  Sympalh^lic  center, 

2.  SymfMtiictic    aiid     loiig    ciliary 

Dcrve. 

3.  Superior  cervical  ganglion. 

4.  P<«t-gai)gIionic  6bers. 

5.  Knding»  in  radial  luuxle. 

6.  Fibers  of  radial  tousclc. 


(B)  Constrictor  Mi^cmamibm. 

7.  <>culomolor  center. 

8.  Ocutomotur    and     short    ciliar]' 

nerves. 

9.  Ciliarr  ganglion. 

10.  Poiit-gaDgl ionic  fibers. 

11.  Eliding^  in  sphinclcr  tnuM'lc. 

12.  Fibers  of  Sphincter  mubclo* 


Stimulation  of 
striction    through 


paralysis,  con- 
of    CDnstrictor 

;  paralysis,  dila- 
of    the    dilator 


causes  dilatation ; 
unopposed    action 
mcchani.'«ni, 

Stimulation  of  "  B  "  causes  constriction 
tation    through    the     unopposed    action 
mechanism. 

l>nig«  do  not  nci  wlectivelv  upon  the  nerve-fiberx. 

Stimolation  nrmy  be  obtained  electncally,  paralysis  by  division.  Either  may 
occuy  through  drugii. 

{6)  In  the  case  of  atropin  it  may  be  shown : 

1 .  That  the  action  is  local,  for : 

(a)  It  remains  confined  to  the  eye,  and  even  to  that  side 
of  the  eye  to  which  it  is  applied. 

(^)  It  can  be  produced  on  the  excised  eye  of  a  frog  and 
even  on  the  isolated  iris, 

2.  Of  local  mechanisms,  we  can  at  once  exclude  direct 
paralysis  of  the  muscle,  for  these  can  be  shown  to  be  active 
b)'  direct  electric  stimulation. 

3.  There  remains  only  stimulation  of  the  endings  of  the 
siinpathetic.  or  paralysis  of  those  of  the  motor  oculi.  The 
latter  is  the  true  explanation,  for  electric  stimulation  of  the 
motor  oculi  is  ineffective.  Since  stimulation  of  the  ciliaris 
brevis  is  also  ineffectual,  the  paralysis  must  be  ixripheral  to 

I  the  ganglion  ;  /'.  c,  in  the  endings. 

That  tiicrc  is.  at  the  same  time,  a  stimulation  of  the 
l^ympathetic  is  rendered  improbable  by  the  fact  that  atropin 
does  not  produce  a  ^stimulation  of  any  other  peripheral 
ncr\*es,  and  a  further  dilatation  may  be  obtained  after  atropin 
by  stimulation  of  the  sympathetic,  electrically  or  by  cocain 
(see  p.  233).  The  absence  of  such  stimulation  by  atropin 
is  definitely  proved  by  the  following  experiment : 

If  one  superior  cervical  ganglion  is  excised  in  a  cat  and 
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the  fibers  arc  allowed  to  cJcgenerate,  the  corresponciing 
pupil  will,  of  course,  be  constricted  on  account  of  t\\e 
unopposed  action  of  the  oculomotor.  If  atropin  is  now 
injected,  it  would  cause  a  greater  change  in  the  healthy 
eye  if  it  also  stimulated  the  bympathetic.  But  tliis  is  not 
the  case;  the  relative  dift'erencc  between  the  two  eyes  is 
preserved. 

The  dilatation  is,  of  course,  active,  the  contraction  of  the 
radial  fibers  being  unopposed  by  the  sphincter. 

In  btrdfr,  the  iris  is  not  afTvclcd  by  atropin,  &ince  it  consists  of  striped  muscle. 

The  sUlcEiiciit  thai  tlic  cnujiculBr  fibers  arc  nut  ofl'cctcd  by  mrupin  muM  be 
limited  to  moderate  do«r«.  In  greater  concentration  (according  to  most  ob- 
servers) it  at  first  •ttiiiiulnte>  ihera,  producing  a  temporary-  narrowittg  of  ihe 
pupil ;  later  it  paralyzes  Iheiu. 

Direct  application  of  very  strong  solutions  to  the  ciliary 
ganglion  also  depresses  this  structure. 

The  /oss  in  power  of  accommodation  is  also  the  effect  of 
the  oculomotor  paralysis.  Increase  of  intfaocular  tension 
usually  accompanies  dilatation  of  the  pupil,  however  pro- 
duced. The  mechanism  of  this  is  still  disputed.  The 
most  likely  theory  is  that  the  muscular  contractions 
occlude  the  efferent  lymph -channels. 

All  these  actions  on  the  eye  are  produced  on  systemic 
as  well  as  on  local  application.  The  mechani.sm  is  the 
same  in  both  cases.  On  local  application,  atropin  takes 
about  one-half  hour  to  fully  dilate  the  pupil,  and  still 
longer  to  paralyze  the  accommodation ;  its  action  persists 
for  some  time,  often  several  days.  Even  dilutions  of 
I  :  100,000  have  some  action,  but  the  maximum  is  only 
reached  with  i  :  100. 

With  homatropiti  the  eflects  appear  and  disappear  much 
more  quickly  ;  it  is  thereff>re  better  adapter!  for  purposes  of 
diag^nosis,  whereas  atropin  finds  its  proper  use  when  it  is 
wished  to  keep  the  pupil  dilated  for  some  time  (iritis). 
Hyoscj'amin  and  hyoscin  are  intermediate. 

(C)  The  int^ervation  of  smooth  muscle  in  other  situations 
is  paralyzed  in  the  same  manner  as  that  of  the  sphincter  of 
the  iris. 

/.  ftttesHne. — Typical  nonnal  peristalsis,  which  depends 
upon  the  intactness  of  tht:  peripheral  rcfle.x  arch,  is  arrested; 
so  is  peristalsis  caused  by  direct  nerve  stimulation  (through 
muscarin,  pilocarpin,  or  nicottn,  or  electric  stimulation  of 
the  vagus).     As  moderate  doses  do  not  act  directly  upon 
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the  muscle -fibers,  direct  stimulation  o(  these  (or  by  physo- 
stigmin  or  some  irritant  cathartics)  is  still  effective.  Large 
doses  also  paralyze  these,  after  previous  stiniulation.  On 
account  of  the  latter,  peristalsis  may  be  at  first  increased. 

A  precisely  similar  action  occurs  on  that  part  o(  the 
esophagus  which  is  composed  of  unstripcd  muscle. 

2.  On  the  smooth  muscle  of  the  Uomach,  spUtn,  bladder, 
and  uterus,  it  acts  only  when  they  are  tetanically  contracted 
(as  by  muscarin  or  pilocai'pin).  Physosligmin  is.  of  course, 
still  active. 

^.  An  exception  to  this  nervous  paralysis  of  unstripcd 
muscle  seems  to  exist  in  tJie  case  of  bhod  vessels ^  at  least 
with  nioderale  doses.  In  large  doses  it  paralyzes  tliese  also, 
as  cm  l>c  shown  by  a  larger  outflow  from  isniated  organs. 

ID)  Action  on  the  heart:  Atropin  produces  a  paralysis 
of  the  vagus  endings  at  or  beyond  the  ptiint  where  they 
are  stimulated  by  muscarin.  Stimulati<m  of  the  vagus 
trunk  or  of  the  sinus  therefore  causes  no  slowing  :  it  may, 

I  in  the  frog,  produce  an  acceleration,  since  the  accelerator 

^  fibers  arc  not  paralyzed  by  this  drug.      In  animals  in  which 

\  the  vagus  is  normally  active  (dog.  and  especially  man)  its 
I>aralysis  will  result  in  a  greatly  quickened  heart-beat  (in  man 
there  is  a  difference  with  age,  the  vagus  being  most  active 
in  middle  life,  less  in  old  age,  and  least  in  infancy).  In 
animals  in  which  the  vagus  is  not  constantly  acting  (frog 
and  rabbit)  atropin  will  not  change  the  rate.  (Sodium  iodid 
has  a  .'iimil.ir  action  on  the  \*agus  endings.) 

Atropin  lias,  in  addition,  a  dirrct  effect  upon  the  heart  mus- 
cle ;  it  is  stimulated  by  small  dnses  (^an  exhausted  ape.x 
preparation  will  boat  a^ain).  Similar  phenomena  can  be 
dcmonstrat«!d  on  the  i«;oIatcd  mammalian  heart  (Fig.  49,  B), 
This  actiiin  is,  iiowcver,  insignificant.  In  large  doses  the 
muscle  is  paralyzed,  producing  diastolic  standstill. 

I  It  must  not  be  forgotten  that  the  cardiac  centers  in  the 
medulla  arc  also  stimulated  by  the  atropin.  This  is  prac- 
tically overshadowed  by  the  peripheral  action.      But  it  may 

\  result  in  a  priman.'  slowing. 

I  The  action  of  the  other  members  of  the  group  upon  the 
heart  is  very  similar,  bclladonnin  being  the  weakest. 

(E)  To  sum  up  the  action  of  atropin  on  the  circulation. 

'this  shows  a  quickening  0/  the  heart-beat  (i'ig.  49,  A)  and  a 
rise  in  biood  pressure — the  latter  jiartly  from  the  quickened 
heart,    but   largely  due   to  stimulation   of  tlic  vasomotor 
«7 
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-center  (for  it  is  much  less  after  section  of  the  cord).  In 
fatal  doses  there  is  a  great  fall  of  pressure,  due  to  paralysis 
of  the  vasomotor  center  and  nrtcrial  muscles,  and  to  paral- 
ysis of  the  cardiac  muscle. 

Another  effect  on  the  circulation  consists  in  an  intense 
scarii't  flushing  of  tfw  skin,  particularly  of  the  face  and 
tliorax ;  tliis  is  due  to  dilatation  of  tlie  cutaneous  vessels 
(vasodilator  stimulation),  witli  increased  general  blood 
pressure.  This  hyperemia  may  be  so  intense  as  to  lead  to 
desquamation. 

(P)  or  utiicr  ]itri[}hcml  ftL-linns  a  euro rr  effect  an  skeletal  muscle  eud- 
ings  in  frug>  (but  nul  \<a  mammals)  may  l>e  noted. 

The  sensory  nerves  are  dulled  on  local  application,  after 
the  manner  of  cocain. 


IV.  TOXICOLOGY. 

(A)  Symptoms. — Atropin  bcini;  absorbed  very  readily 
(and  even  from  the  intact  skin),  \ihG  srinpioms  npfHttr  quitkly* 
The  first  to  be  noticed  arc  those  arising  from  Uryness  of  the 
mouth  and  throat:  difficulty  of  deglutition  and  articulation, 
great  thirst,  a  sense  of  burning  and  constriction  in  the 
throat.  On  tlie  eyes,  the  dil;ttation  of  the  pupils,  impaired 
vision,  and  absence  of  reaction  to  light  will  be  noticed. 
There  is  often  uaust-a  and  sometimes  vomiting,  fixcitemcnt, 
passing  into  delirium,  is  a  prominent  feature.  The  delirium 
is  usually  pleasing,  with  spectral  illusions,  but  may  tjecome 
furious.  The  onset  of  the  paralytic  symptoms  is  uslicrcd  in 
by  giddiness,  numbness  of  the  limbs,  staggering  gait,  and 
passes  into  drow.siness  and  stupor.  The////jf  is  quick  and 
small.  Scarlet  flushing  of  the  face.  In  fatal  cases  death 
is  preceded  by  coldness  of  the  extremities,  rapid  and  inter- 
mittent pulse,  and  deep  coma.      Con\'ulstons  are  rare. 

The  posttnortnn  hntlings  are  those  of  asphyxia. 

A  fatal  ending  is,  however,  quite  rare.  Violent  symp- 
toms may  last  for  days,  and  it  has  happened  that  patients 
have  been  consigned  to  the  insane  asylum  on  a  mistaken 
diagnosis.  The  smallest  recorded  lethal  dose  is  t20mg. 
of  atropin. 

A  psychic  "slowness,"  disturbance  of  vision,  and  some 
other  symptoms,  may  persist  for  weeks.  On  account 
of  the  slow  course  and  the  obscure  symptoms,  bella- 
donna was  a  favorite  with  professional  poisoners  in  the  mid- 
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die  a^es,  and  this  abuse  in  regard  to  several  species  of 
Datura  has  existed  in  India  since  remote  ages.  The  name 
itscU'  is  Sanskrit  (Dhatoora), 

(B)  The  prognosis,  when  properly  diagnosed,  is  favor- 
able, since  there  is  ample  time  for  interference.  The  treat- 
ment resolves  itself  into  clicmic  neutralization,  prompt  re- 
moval, and  meeting  the  symptoms.  The  delirium  is  best 
treated  by  the  ice-cap,  the  general  symptoms  b>'  pilocarpin 
(one-sixth  grain  hypoderinically  until  mouth  is  moist). 
Morphin  is  also  indicated  in  tlie  early  stages,  but  not  after 
depression  has  set  in.  Ihe  latter  is  combated  by  the  usual 
medullary  stimulants  (see  p.  196).  The  effects  on  the  ej-e 
may  be  abolished  by  the  local  application  of  physostigmin. 
The  excretion  of  the  atmpin  occurs  through  the  urine, 
for  the  most  part  in  less  than  thirty-six  hours  ;  and  the 
application  of  a  drop  of  this  fluid  to  the  e)'e  of  a  cat  forms 
tile  most  handy  test  for  poisoning. 

Atropin  resists  putrefaction  for  a  long  time,  and  may  be 
^  found  in  the  cadaver  even  months  after  burial.     Confusion 
with  ptomatropin  must  be  guarded  against. 

Continued  use  of  small  doses  seems  to  establish  partial 
immunity  to  its  action.     It  loses  its  effect  Bnst  upon  the 
salivary  glands,  then  on  the  heart  and  intestine,  and  lastly 
on  the  eye. 
I      Children  bear  proportionally  larger  doses  than  adults. 

There  also  seems  to  be  a   sort  of  racial  immunity  to  it 

The  suburban  goat  eats  its  thornapple  weed  with  apparent 

relish,  and  seems  none  the  worse  for  it,  and  rabbits  have 

been  fed  on  belladonna  leaves  so  that  their  flesh  proved 

I  poisonous   to   man,   whilst    tlicy   themselves   showed    no 

,  symptoms.     Several  generations  have  been  raised  of  these 

;  animals,   their   food    consisting    exclusively  of  belladonna 

stramonium    leaves.      This   shows   that  whatever  the 

it  caniint  be  ,'Lscribed  to  ilifference  in  absorption  and 

cxcretinn. 

V.  OTHER  MEMPKR-S  OF  GROUP. 

Of  the  other  member*  of  the  fi^roup,  the  difffi-fHcts  in  their  action  have 
'  •Incsily  brrinli'icu'stil.     ( lU^malroptn  on  the  eye,   p.  256;  hyoscyamin  and 
bfO^n  rm  crntml  netrous  sysU-m,  p.  851 ;  bcIUdonnin  on  heart,  p,  257.) 
The  e6ect  on  -the  cenlral  nrn'ou>;  system  tnRy  be  arranged  a&: 
Exciting  aclion  pretlominfltes : 
.fh     Atrupiu  I 

1      Ilrotcyimin 
I      llyosciD  Y 

Depressing  Rclioo  ptedoouDJites. 
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Relation  to  Other  Groups . — Cocain :  Constitution, 
effect  on  central  nervous  system  and  peripheral  nerves. 

Cafft'in  ami  strychnin :  Stimulating  effect  on  central 
nerx'ous  system.  The  connection  with  nicoiin,  etc.,  groups 
will  be  discussed  later. 


VI.  THERAPEUTIC  USES. 

(A)  The  effects  of  atropin  on  the  central  nervous  system 
are  sometimes  used  in  piycliic  diprtssion,  (.specially  in  nior- 
phin-poisoning  (p.  217),  as  also  in  mental  disease.  Since 
it  does  not  act  nearly  so  promptly  or  strongly  as  strychnin 
upon  the  medullary  centers,  it  is  of  but  Utile  use  in  shock. 
The  use  of  hyoscyamin,  and  especially  hyoscin,  as  hypnotics 
and  in  tremors  has  already  been  discussed  (p.  252). 

As  hypiiutk  M;ilalivcs,  llicy  arc  uscti  in  duai-*  of  I  to  3  niK.,  especially  in 
111(111111(111  ciLVtIcitieiil  iirid  dclinum  tmcieiis.  In  l!ic>c  coiiililiuiis  liytMtHn  iniiitt 
be  preferred  lo  niorphin,  sirife  it  lessens  llic  muor  disturWncc,  which  is  uidy 
iui.ieaw:d  by  iiiur).>htti,  and  it  has  llic  advuntaj^c  uver  cllluml  of  a  sligbler 
depression  uftlic  tnedullan'  centers. 

Hyoscin  has  also  been  recommended  for  spasmodic 
affection:^,  such  as  lorticollis. 

(B)  Of  the  peripheral  actions,  those  upon  the  eye  are 
the  only  ones  which  can  be  obtained  quite  pure  ;  but  by 
carefully  adjusting  the  dose,  some  of  the  other  actions  may 
also  be  utilized.  The  following  dosimctrU-  table  (Schmiede- 
bcrg)  will  be  found  useful  in  this  connection  : 

Symptoms. 

DryneM  in  noutli,  often  with  thirat. 

Pupil  dilaird,  not  quite  iianii.ibtle.  Incmue  of 
liiil^e-rnlc. 

Headoch'T.  Dyspliogin.  Ahernlion  of  Toice.  Mus- 
cular wcakiievs.     Kcsttcwines9>. 

Considerable  dilnl.aiioii  of  pupils  nisturbance  of 
virion. 

Excitement  and  muscular  mcoordinatioo  more 
niArlced. 

Apatliy.  Unco[i»ciuusnes5.  llalluciDalioiu  or  de- 
lirEum. 

Except  for  use  on  the  eye.  it  matters  little  which  tropein 
is  employed  to  secure  a  peripheral  action  :  in  practice, 
atropin  is  usually  given  the  preference. 

(a)  Eye:  mainly  for  dilating  the  pupil. 

I.  For  ophthalmoiogic  examinations  the  preference  should 
be  given  to  honiatropin,  since  its  effects  set  in  and  disappear 
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quickly.     It  is  used  in  1  ^  to  2^  solution,  dropped 
on  the  cornea, 

2.  In  iritis,  to  secure  rest,  to  prevent  adhesions  of  the 
iris  to  tlie  lens,  or  break  them  if  already  formed,  and  to 
effect  assumed  favorable  chanf^cs  in  the  circulation  of  the 
iris.  The  more  prolonged  action  of  atropin  causes  it  to  be 
preferred  for  this  purpose. 

Atropin  is  used  in  solutiaa  of  I  :  looo  to  1  :  icx>.  Complete  paralysis  of 
MConuiKxlalion  is  obtained  in  about  an  hour,  and  {partially  pcrBiBls  for  sevcml 
dajrs.     The  dilatation  of  the  pupiU  occurs  much  inure  prumplly. 

It  must  not  be  forgotten  that  these  substances  arc  harm- 
ful in  glaucoma,  as  they  increase  the  intraocular  tension. 
They  may  also  give  rise  to  slight  genera!  symptoms  (head- 
ache, drj'ncss  of  mouth,  palpitation). 

(b)  Suppression  of  secretions:  against  excessive  saliva, 
sweat,  milk,  or  bronciiial  mucus.  As  an  autisiaiogoj:^  it 
may  be  useful  in  various  intu.xications  (mercury,  pilocarpin, 
etc.);  as  also  in  stomatitis.  Atropin  is,  of  course,  purely 
symptomatic,  and  it  is  much  more  rational  to  remove  tlie 
cause,  whicii  can  usually  be  easily  done.  As  an  aithydrotic 
its  principal  use  is  in  the  night-sweats  of  phthisis,  in  doses 
of  -j-Jtt  gr.  Hyoscin  may  also  be  used.  The  allaying  of 
the  cough,  by  diminishing  the  secretion  of  mucus,  is  a  useful 
eflcct  in  this  as  in  other  conditions.  For  tliis  purpose,  in- 
halation of  atomized  solutions  is  the  best  method  of  admin- 
istration. A  suppression  of  tlie  hypersecretion  of  mucus 
also  causes  it  to  be  employed  in  broncftial  pneumonia,  where 
it  is  also  useful  by  stimulating  the  respiratory  center. 

(c)  Peristalsis :  Atropin  may  be  u.sed  to  .stop  a  diarrhea 
which  depends  upon  central  inrtuence,  but  is  ii.seless  if  the 
cause  lies  in  the  intestine  itself.  It  will,  on  the  other  hand,  be 
useful  in  constipation  from  tonic  spasm  of  the  intestine 
{f.g.,  iead coiic\  just  like  morphin.  It  is  frequently  added 
to  irritant  laxatives,  since,  by  preventing  local  contractions 
depending  upon  nervous  stimulation,  it  obviates  griping, 
and  it  docs  not,  at  the  same  time,  interfere  with  the  purga- 
tive action  of  the  irritants  (see  Chapter  XXX.)  Preparations 
of  the  crudf  dru^  should  be  used  for  local  action  on  the 
intestine. 

The  paralysis  of  unstriped  muscle  is  also  taken  advan- 
tage of  for  the  relief  of  biliary  and  ratal  colic  from  calculi.* 
The  vagus  paralysis  is  also  useful  in  this  connection  in  pre- 
venting the  dangerous  slowing  of  the   heart  which  some- 
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times  occurs.  TnconHnetice  of  urim,  when  due  to  overaction 
of  the  bladder  muscle,  is  also  relieved  by  it,  as  may  also  be 
retentioii  of  urine  due  to  overaction  of  the  sphincter.  Its 
action  on  the  uterus  is  entirely  too  uncertain  to  make  it 
valuable  in  trcatinj;j  tetanic  contraction  of  this  organ. 

(d)  The  paralysis  of  the  cardiac  va^s  ending^  indicates 
it  in  all  conditions  in  which  slowing  or  even  stoppage  of  the 
heart  from  stimulation  uf  the  inhibitor)'  mechanism  exists. 
This  may  occur  in  prtssure  of  the  brain.  But  it  is  a  most 
frequent  danger  in  the  administration  of  am'sthetics,  espe- 
cially of  chloroform  (see  Chapter  XIX.  C).  One  sixtietli  of 
a  grain  hypodcnnically  is  the  best  way  of  obviating  this 
accident,  and  the  atropin  is  best  combined  with  \  gr.  of 
morphia  (see  p.  219). 

(e)  Another  use  of  atropin  is  asa  local  application,  usually 
in  tile  form  of  liniment  or  plasters,  for  the  rdief  of  pain. 
The  nitidus  operandi  has  been  discussed,  but  it  is  inferior  in 
this  respect  to  cocain.  on  the  one  hand,  and  counterirritants 
on  th«"  other  (see  Chapter  XXIX).  The  antagonism  of 
atropin  ami  iodothyrin  (sec  Chapter  XIII)  indicates  it  in 
Basedow's  disease  or  thyroid  poisoning. 

\Vc  must,  finally,  mention  the  use  of  atropin,  usually  in 
the  form  of  smoke  from  burning  stramonium  leaves,  for  the 
relief  of  asthma. 
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VII.  THERAPEUTICS  OF  ASTHMA. 

Tlicre  are  undoubtedly  several  varieties  of  asthma,  re- 
quiring diflcrent  treatment,  but  they  all  agree  in  some  fea- 
tures, so  that  they  can  be  classed  together  therapeutically 
as  well  as  clinically.  Many  cases  depend  undoubtedly  on 
reflex  irritation,  often  from  the  nose  (polypi,  swelling  of  the 
turbinates,  etc.).  But  it  cannot  be  excluded  that  such  re- 
flexes may  also  arise  clsewliere,  especially  from  the  walls  of 
the  bronchioles  themselves.  Thej'  lead  to  spasmodic  nar- 
rowing of  the  lumen  of  the  bronchioles  by  a  hypersecretion 
of  mucus,  by  congestion  or  swelling  of  the  mucous  mem- 
brane, or  by  tonic  spasm  of  the  bronchial  musculature. 
Possibly  all  three  of  these  factors  may  concur. 

Considering  the  condition  as  a  reflex,  we  may  attack  it 
•therapcuticallj-  at  the  afferent  or  efferent  end  of  the  arch, 
or  at  the  center.  The  first — the  removal  of  the  caui^e — is 
the   most  rational  method.     VV'hen  gross  changes,  cspc- 
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ctally  of  the  nose  or  pharynx,  can  be  demonstrated,  these 
should  be  rcnioved.  When  the  condition  is  one  of  in- 
creased susceptibility  to  unavoidable  irritants  (as  to  pollen 
in  hay-fever),  tliis  may  be  lowered  by  cocain,  or  mechanical 
protection  afforded  by  nintment  At  the  other  end  of  the 
reflex  arc  a  number  of  drugs  meetinj;  difierent  indications 
may  be  employed. 

1.  Joiiids  act  sJmpK'  by  rendering  the  secretion  less 
tenacious,  so  that  it  niay  be  expectorated,  "fhe  same  result 
could  be  reached  by  any  other  salt,  and  especially  by  alka- 
lies, could  they  be  brought  to  the  site-  of  thr  prnciss;  but 
with  them  this  cannot  be  done  nearly  as  efficiently  as  with 
iodids.  since  the  latter  are  readily  absorbed  unchanged,  and 
penetrate  into  all  parts  of  the  organism  (Chap.  XXV).  The 
dose  for  this  purpose  is  I  to  3  Gin.  (20  to  40  grs.)  per  day. 

2.  NUriUs :  tliese,  by  lowcrint^  tlie  j^encral  blood  pres- 
sure, tend  to  dimiiiisli  the  congestion  and  secretion.  Cliartai 
Fotassii  Nitratis  act  in  the  same  way,  and  the  cmpy- 
rcumatic  products  contained  in  tiic  smoke  act  like  the 
next  group. 

3.  Atropin  (stramonium;  al.so  lobelia,  nicotin,  and  em- 
pvreumatic  products  in  smoke) :  These  act  in  several  wavs, 
by: 

(tf)  relieving  the  muscular  spasm  through  paralysis  of 
the  bronchial  muscles  ; 

{b)  lessening  the  secretion  ; 

(f)  heightening  the  reflex  activity  of  tJie  respiratory 
center; 

(</)  conceivably  also  by  diminishing  the  sensibility  of  th^ 
broncliial  mucous  membrane,  when  the  beginning  of  tiiC 
afferent  path  is  situated  here. 

The  usefulness  of  the  different  members  of  the  series  is 
not  the  same  in  all  cases.  This  need  scarcely  cause  sur- 
prise, considering  the  neurotic  nature  of  the  affection. 

4.  Xforphin  acts : 

id)  by  lessening  secretion. 
b\  by  lessening  of  irritability  of  the  center, 
(r)  by  diminishing  the  discomfort  of  the  patient. 
Centrally  we  may  acluevc  good  results  by  two  diametri- 
cally opposed  sets  of  remedies : 
I.   By  depressants,  through 

(tf)  lowering  the  reflex  excitabilit}'  of  the  centers  con- 
cerned in  the  production  of  the  attack. 
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{d)  By  narcotics,  through  diminishing  the  discomfort  of 
the  patient. 

The  same  remedies  meet  indications  a  and  d :  Morphin, 
codein,  alcohol,  chloroform,  Klir,  HCN. 

2.  By  stimuhints,  through  increasing  tlie  activity  of  the 
respiratorj'  center  when  it  has  become  exhausted  through 
the  violence  of  the  attack. 

Among  stimulants,  caflfein,  strychnin,  and  atropin  stand 
foremost  for  this  purpose.  The  same  result  may  be 
achieved  through  countcrirritadon  (ammonia,  sinapism). 

Finally  much  of  the  discomfort  of  the  patient  may  be 
removed  sj-mptomatically,  by  the  iniialation  of  oxygen  or 
compressed  air  (Chap.  XX,  li). 

VIII.  MATERIA  MEDICA. 

The  materia  mcdica  of  this  i,;n.iup  pcnnita  several  gcQcraUzattons. 
The  p<r(tnia^e  af  alkaloiiis  is  alxiut  0,3  ;  thcj^  nlwajri  cormist  of  a  mtzlare. 
The  Dost  of  ibe  Fluid  ExtratU  =  O.06  lo  O.J  c  c.  {I  to  j  minims). 
The  Dosf  of  Uic  Tim-tures  =.  O..?  lo  1.  3  c.c.  (5  to  20  minims). 

Til ey  arc  made  vritH  one-half  alcohol  and  contain   15%  of  the  img, 
Miscilile  with  water  and  alcolml 
The  Jase  uf  the  ulls  of  the  pure  alkaloids  =  O.OO05  to  0.002  Gm.  (yj, 
to  ^  grain) ;  ex^e/>/  Myoscin,  0.0C04  to  0.0006  Gm.  (j\k  lo  rin  ET'^i'^)- 
The  salts  are  soluble  in  leu  thao  ^  part  of  water  or  6  parts  of  alcohol. 


Belladonnfle Folia  (U.S.P..  B  P.).— Thcleaves 

Belladonna  Radix  ^U.S.P..  B.P.).— The  roots 


of  Att«fNi  BeliadaHHa 
[  Deadly  Night- 
shade), Solanacex, 
Europe  and  Asia 
Minor. 
CfiHstitutnls  of  Ltavts  :  0.35 'f  of  alkaloids,  in  which  somclimcs  Ati^iaand 

sometimes  llyoscyamin  predominaic     Also  small  quantities  of  HclladonninaiKl 

other  alkaluids.      The    tiwfi  contains  o.aiSt    to  0.6^   of  the  same  alkaloids. 

The  oorlical  portion  is  the  richest.     The  young  roots  contain  relatively  more 

Hyoscyaniin. 

Preparatiotis  of  the  U.S. P. 

PrtparatiDHS  front  tht  Learet  : 

Ertractum  BeUaJ,mM.r  Folierum  Aleokolimm  {\J.%V.).—Dote.-  O.OoSlo 
0.03  Gm.  (H  'o  K  grain  I. 
Used  in  the  prepareiion  of: 

F-mplaUrum  BfUn.iann^  t  ao^  of  the  Ealracl. 
Vn^tfHtum  BtUadonnir  :  10%  of  the  Extract 

^^Tinctura  Belladonna  Folitrum. — iSJt.    One-half  alcohol.    D*it : 
0.3  to  a  c.c.  (5  to  30  minima). 

Preparation!  from  Ihf  Boot : 

Exlractum    Belladonmt  Badicis   ^miiA(m.— Four-lifths   alcohot     Dose: 
0.06  to  0.2  c.c.  i\  to  3  minims). 

^*^  f.inimentum  Btlhdennm.  —  Fluid  Exltact  in  which  5%  of  cunpbof  b 
diBolved. 

Tbe  most  important  preparations  are  marked  «%. 


I 

i 
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Dose:  0.3 


PrepanitioDs  of  the  Britiih  PhamacopciU. 

■    frctn  ike  Ifmvi  ; 
Extriu/tim  Belladanna  t'iriJe. — D«se  :  0.015  to  O.06  Cm.  (J4'  to  I  fp^in), 
Sitfriu  BeUadonna. — 3*^  of  the  juice.     Don:  0.3  to  l.o  cc.   (5   lo  15 
tnirims). 
f-'rem  fkerovt: 

JLrtraetum  BeUaJoHHa  Liquidum. — )i%  of  alkaloids.  Dan:  0.03  to 
ao6  cc.  (y^  tn  I  minim), 

I  From  this  arc  prepared  : 
iCxiriicluiM  lifiljJonM^r  AliokoIicutH :    By  evaporation  of   ike    liquid 
extract  with  milk-sug&r.     Contains   I  ^  of  alkaloids.     Dote:  O.OIJ 
ID  0.06  Gdi.  (  V  '<*  '  ;nun). 
Smffipstitna  BtUadtmna  :  Each  coDtairu  ^  gr.  of  alkaloids. 
^•^  Emplattrwm  Bflladomtur :   C-ontnins  5%  *^  alkaloids, 
^^  LinimentHm  Bfl/adoHfue :  C'jDnlains  camphor. 
^^  TiMttura  fitl/nJfnnir :   Contains  0.0^^  of  alkaloids. 
to  t.OC.C  {5  tn  15  minims). 
tfm^/ntum  BeUadoHHit :  CoDtains  0.6%  of  alkaloids. 
Stramonii  Semen  (U.S.  P..  B.P.  >.— The  Seed  1  ^   «  *.        0, 

nium  illiom-apple,  Jimeslown  Weed),  Solonacex.  Originally  from  Asia; 
nittDnliurd  io  many  ruuntrie^. 

The  M«d  domains  about  0.39',  the  leaves  0.1%  of  alkaloids,  mainly  Atro- 
pin  and  Hyu^cyamin.  The  lattci  urtdijminalc.<>.  'Ilie  unukc  of  the  burnine 
leaves  is  inhaled  for  asthma.  For  this  purpose  Ihey  are  best  mixed  with  lo^ 
oC  saltpeter. 

The  ufftcial  prrparaiwrn  arc  made  from  ihe  Seed. 

Exiradum  Stramonii  Semittii  (U.S.H.,  B.  P. ), — Made  wiih  ooe-half  alco- 
boL.     D»ie  .  0.015  t*^  ^•'^^  ^>D-  (V  t(*  /^  K"^>")- 

Used  in  the  preparation  uf: 

(MgunUum  Stmmonii  {M.i^.V.^:  10%  of  the  cxlracL 

Tin(fwa  Sframtmii  S^minii. — Made  wilh  une-haU  alcohol.  (15^.  U.S.P.; 
ao^.  B.P.)     Dffu:0.i  to  1.3  cc.  (5  (u  20  Diinhinis), 

EMtttttttttn  Stramattii  Seftinis  FiuiJum  (U.S.P,). — Made  with  three- 
fourths  alcohol.     /Jtfjr;  O-06  too,>  cc.  (5  to  30  mininia). 


I 

r 


HyoAcyamus  [Hyoacyami  Folia,  B.P]. — Hmbane. — The  leaves  and 
flowering  tops  of  /fyoicyamus  A'igfr,  Siilnnaccc ;    Europe  and  Asia.     The 
pl*ai  ibaara  be  of  the  secoiHl  year's  growth.     Contajiis  0.3^  of  alkaloids, 
mainly  Hyuacyamin  and  Hyoscin  (the  latter  =-  Scopolantia). 
J*reporntions  : 

£j^rtteimm  JJyatiyatni  (U.S.P.). — Made  wilh   one-half  alcohol.     Dote: 
0.03  tu  a  I  Gm.  f  ^  io  3  gfains). 

J:xfrj,-tum  /fyfiscyamt  fluidum  (U.S. P.). — Made  with   two-thirds  alco- 
hol.    Dau  :  0.3  to  I  cc.  ($  to  15  minims). 

Tt^tura  /^rouTiJim  (US.P.,  B.P. ).— Made  with  one-half  alcohol.    (15J&, 
U.&P.  ;  IO|*,  BP.),     D»it:  I  io4Cc  (V  »«  i  drachm). 

Extract,  //vvstyami  yiridf  (B.P.). — A  green  cxtracL     Dct* :0^l   to  0.5 
Gas.  (a  to  fl  grsins ). 


The  most  important  preparations  are  marked  ^*^ 
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A'wi-cwj  /fy«seyat»i  (B.P.).— 3J6   of  juice.     D^sf :  2  to  4  cc.   {%  Xo  t 
drachm). 

Tbe  ^^4^  also  contains  the  aJkaloids.      Dose  :  o.l  lu  o.  j  Gm. 

Alkaloids. 

St)lA'IIIl.lTV  AsMVDRI- 

IN  Water,    m  Alcohou  EKpsb.  atic. 

Atropina    (U.S.P.,   B.P.) 

(from  Beltudonna)  .    .    .       ijo  3.0       0.0005  '<■  o-oot 

Krain). 
f^*^  Atropinje    Sulphas 

(U.S.P,,  B.P.}    ....  0.4  6.3      0.0005100.00a      t% 

C™- (rid  to  A 
gninj. 
*  Daturin  =  Mixture      of 
Atiopin  «xid  llyoscyaniin. 
•Duboiain—  Hyo^cyamin. 
^*^  Homatropinie      Ky- 
drobromidum   (U.i'.}   .         10  133  0.0005100,003      l% 

Cm.(Ti,loA 
Brain). 
Hyoscyaminat    Sulphas 
(U.S.P.,  B.P.)     ...  0.5  2.5       0.0005100.003 

Om.  fri^toA 
grain). 
HyoscyaminK      Hydro- 
bromas  (U.S.P. )    ...  0.3  2.0      0,0005100.003 

Gm.  Iiiuto^ 
grain). 
m*»  HyoBcinie  Hydrobro- 
mas  (U.S.P.)     ....  1.9  Z3.0      o.ooo3toaooo6 


*  Scopolamin  ^  Hyoscin. 


grain). 


B.P.  Preparations  of  the  Alkaloids: 
Unguftituat  Airopina  .'  4  %  ■ 

Liquor  Atr^pimr  :  \%.     /><>j«- ,■  0.03  to  0.06  c.c.  (  J^  to  I  miDim). 
Lamella  Afreptna  .•  t^^  grun  each. 
LameUa  Homatropina  :  'j^g  grain  each. 

•Ntrt  (>ffidal. 

The  mti«t  imixtrtant  preparations  are  marked  ,*||. 
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CHAPTER  XII. 

MUSCARIN-NICOTIN-CURARE  SERIES. 

{A)  MUSCARIN  GROUP. 

I.    STKUCTURE,    DERIVATION.    AND   OCCURRENCE. 

This   contains  ccrtAin  oxecJtylenc-sminiJiiiunis.      Their  Mnicture  may  be 
denved  from  Akob<d  and  Amtnonium,  lu  fi>lluws  : 

r       C,H,(OlI)    =  Alcohol  I   NH,i  OH)  =  Ammonium  Hydrate 

C,H,(OH),  =  Glycol     |  NH(CH,),OH  =  Trimeihyl-ammonimn 


C.H.OH  1OH+  H|  N(CH,),OH  ^  H,0  +  CjH.OH  |N(CH,|,0H|  = 

Cholin. 

The  other  members  are  derived  fiTHii  Cholin,  as  rotlowB : 


C,H,(OH  |N|CH,),0H|  3=  C,Hi^NO,=  Cholin  or  IiochoUo 

+  0=1;  -H,0  = 


C,H,(OH)0|N(CH,),0H"]=C.H|,N0,  =  Mu»carin-l 

C,H,  |N(CH,),0H|  =  C,H,,NO  =  Ncurin_ 

, +0,= 

CjHjO.OH  |n(CH,),OH|  =C,H,,N0,  =  Betaio ;  -f-  C  —  O  == 

C,H,OH  |N(CH,)7oH;  =  C.Hj.NO,  =  Mydatoxin;  -f-  CH^  = 


C.H^OH   N|CH,),OH  =  C,H,,NO,  =  Unnamed  Plomain. 


hit  series  might  be  stiil    further  cxicriidrd.      These  uib&iaiicc!^  are  all 

»d  in  the  putrefaction  of  nitrogenous  maitfr,  by  ibe  action  of  lacteria. 

Tbcy  ftre.  indeed,  among  the  principal  members  of  the  |;'oup  of  "putrefactive 
alka]i:ikl&"  or  " f^oKaimJ"  Rut  they  arc  also  formed  in  living  plants,  and 
eqiecully  in  fungi.  Muacarin,  the  typical  membi^r  of  the  group,  is  contained 
Id  ihe  fly  aj;aric,  Agaricus  (Amanita)  muscnriii«,  gn^iwtug  in  birch  and  pine 
woods  lu  many  parts  of  the  globe.  ]l  probably  occurs  bJmi  in  wnne  of  the 
other  poiaanoua  fungi,  but  this  lias  not  been  Biifficiently  iiive^tiigalcd  ;  one  of  the 
characteriMic  features  of  the  members  of  (his  group — and  of  ptomaine 
groemlly — i^  (he  case  with  which  they  arc  dccompuv^,  and  chii  rrndeis 
liieir  invcsligatiao  very  difficult.  One  of  the  decoinptjjjlion  |>roducls  of 
muacano — aod  aJfto  of  pUocarpia — has  ao  alropin  actioo.  so  that  many  Mimplc» 
aic  entirely  worthless. 

II.  SUMMARY  OF  ACTIONS. 

1.  Stimulation   of  preci.sely  those   peripheral   structures 
'which  are  paralyzed  by  atropin.     This  stimulation  is  pecu- 
liar in  not  being  fallowed  by  depression. 

2.  Affections  of  the  central  nervous  system,  as  yet  im- 
I  perfectly  studied. 
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3.  A  curare  effect  on  motor  endings,  very  inconspicuous 
in  the  case  of  muscariii  itself. 

There  is  no  effect  upon  ganglia  or  nerve-fibers,  even 
when  the  drugs  are  directly  applied. 

HI.  DETAILS  OF  ACTION. 

1.  Heart. — Muscann  causes  inlawing  and  stoppage  in  dias- 
tole, just  as  in  electric  vagus  stimulation.  The  effect  is  more 
persistent  than  with  the  latter.  This  standstill  occurs  also  in 
the  isolated  apex,  showing  thatthe  ^tiniulation  is  periphera)  to 
the  ganglia ;  and  since  it  can  be  abolished  by  atropin  or 
sodium  iodid.  the  action  cannot  be  on  the  muscle.  It  is  there- 
fore as.sumed  that  it  stirnulatcs  those  endings  whicli  atropin 
paralyzes.  If  muscarin  and  atropin  are  exhibited  at  the 
same  time  or  successively,  their  respective  quantity  will  de- 
termine which  predominates.  Drugs  which  act  upon  the 
ganglia — r. ^..  nicotin — will  be  ineffectual;  but  the  stand- 
still may  be  raised  by  substances  effecting  a  direct  stimu- 
lation of  ttie  muscle-fibers — £.  g.,  physostigmin,  vcratrin, 
digitalin,  anilin,  camphor,  guanidin. 

The  n-rnt  stimulation  nf  the  va^s  endings  can  be  obtained  by  iodotkyrin. 

Il  \tk  inirrestiiig  that  muMarin  atUKen  an  accclcratiun  of  the  crab'i  heart, 
although  a  well-rlefined  inliibilary  mrchani«m  fxkLi  in  ihew  aniiiuOi.  The 
explanation  undoubtedly  lies  in  some  structural  pecaltarity. 

2.  The  effects  upon  the  eye  (exclusive  stimulation  of 
oculomotor  endings),  glands,  and  unstriped  muscle  in 
general  arc  precisely  the  same  as  with  pilocarpin.  As  to 
the  intestine,  small  doses  cause  a  stimulation  of  Auerbach's 
plexus :  strong  contraction  and  paling  of  the  whole  intestine- 
This  is  inhibited  by  atropin  and  by  extremely  large  doses  of 
the  muscarin  itself. 

The  muscarin  group  has  only  a  scientific  and  toxicologic 
importance.  Poisoning  by  mushrooms  and  njeat  is  largely 
due  to  these  substances. 


(B)  MUSHROOM-POISONING. 

This  topic  sttU  requires  much  elucidation.  Undoubtedl>' 
different,  although  related,  active  substances  are  present  in 
the  various  mushrootns  as  well  as  in  different  samples  of 
spoiled  meat. 

The  symptoms  are  accordingly  quite  variable.     Features 


MUSHROOM-POISONING. — CHOLIN. 


269 


I 


I 


I 


which  are  more  or  less  common  to  mushroom-poisoning 
are  :  Abdominal  pain,  naust-a.  vomiting,  and  violent  diar- 
rhea ;  pulse  variable ;  respiration  labored  ;  consciousness 
unaffected,  or  delirium  ;  coma  or  convulsions.  Some  cause 
fatty  degeneration  of  liver  and  kidneys.  Many  ninslirooms 
produce  abdominal  symptoms  i»iniply  by  being  indigestible. 

Poisoning  by  the  fly-musliroom,  which  has  been  best 
studied,  presents  a  close  resemblance  to  that  by  pilocarpin. 
The  pulse  is  always  slowed,  and  the  blood  pressure  falls, 
as  also  through  vasomotor  paralysis.  Muscular  weakness 
and  incoordination  are  among  the  more  prominent  symp- 
toms. Death  usually  occurs  after  several  days,  the  cause 
being  yet  obscure,  but  probably  residing  in  the  central 
nervous  system. 

The  treatment,  besides  removal  and  chemic  and  symp- 
tomatic antidotes,  as  with  pilocarpin,  would  be  by  atropin. 
Tlie  chance  of  poisoning  may  be  somewhat  diminished  by 
prolonged  boiling,  as  some  of  these  substmccs  are  decom- 
posed in  this  manner.     This  d<^s  not  hold  for  the  Amanitre. 

Tlic  ynK>(  or  the  {Ktjwn  cmisUta  in  the  demoinitrntion  nf  the  plij'siulogk 
BcUoo  of  the  alkaline  elhcr  eximcl. 

Thrtr  wcnu  ta  be  an  acquirni  immunity  to  iIie  prri()ticrii]  octinii  of  tnus- 
carin.  u  Iherr  is  tn  nicoim  and  almpin  :  In  KamMrlialka  the  fly-agaric  i&  used 
ai  an  inioxicant.  ptoducini^  sym|il(ini5  similar  lu  ibuse  of  alcohol^  scemiogly 
witboat  exhibiting  it&  peripheral  action. 


(C)  CHOLIN,  NEURIN.  ETC. 

These  have  some  little  importance  as  products  of  putre- 
faction, forming  <;ome  of  the  poisonous  ptomains.  They 
arc  also  formed  during  intestinal  putrefaction,  and  may  be 
absorbed  in  obstinate  constipation  in  sufficient  amount  to 
produce  symptoms.  They  also  form  the  main  active  sub- 
Stances  in  extracts  of  nervous  matter.  Ncurin  is  much 
more  toxic  tlian  cholin.  It  may  be  formed  from  the  latter 
by  bacteria. 

I.  The  peripheral  effects  agree  with  muscarin  : 

The  [xiristiilsis  is  increased  (especially  im])ort;int  when 
formed  in  the  intestine,  constitutiivg  a  kind  of  natural  treat- 
ment). 

The  heart  is  slowed  (stimulation  of  the  vagus). 

Tlie  glands  are  stimulated  (except  bile). 

Curare  action.  (This  is  quite  strong,  cspedally  in 
cholin.) 
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3.  They  show  some  differences  from  muscarin  in  their 
central  action : 

Tliey  have  only  a  feeble  effect  on  the  brain  and  spinal 
ctfTti ;  considerable  on  the  mt-duila. 

The  respiration  is  weakened  through  depression  of  the 
center. 

The  vasomotor  center  is  first  strongly  stimulated,  then 
depressed. 

The  blood  pressure  follows  the  vasomotor  and  cardiac 
changes. 

ID)   MEAT-POISONING. 

The  cases  of  pni.sonin}^  observed  as  a  result  of  partaking 
of  more  or  less  tainted  articles  of  food — sausages  (botulis- 
mus  and  allantiasis),  meat,  milk,  ice-cream,  cheese,  corned 
beef,  etc.,  and  with  sonic  specimens  of  mussels  and  oysters 
— are  due  to  the  development  of  ptomain  products.  In  the 
former  cases  these  are  developed  by  putrefaction ;  in  the  lat- 
ter, probably  by  disease. 

These  ptomains  have,  for  the  most  part,  been  isolated  in 
crj'stalHnc  form,  and  are  perfectly  typical  compounds  be- 
longing to  the  amin  series.  Their  pharmacologic  action  lies 
between  that  \^i  atropin  and  muscarin. 

The  symptoms  may  be  sumniari/ed  as  follows: 

(a)  Gastro'intcstinal  disturhaucc :  nausea  and  vomiting, 
and  either  diarrhea  or  constipation.  This  is  due  to  tlie 
local  irritation,  and,  in  addition,  to  stimulation  or  paralysis 
of  the  local  nervous  mechanism,  and  probably  to  some 
extent  \s  central. 

(b)  Drym'ss  of  mouth:  difficulty  in  swallowing,  articula- 
tion, etc. ;  due  to  paralysis  of  the  nervous  mechanism  of  the 
salivary*  and  mucous  glands. 

(c)  Pupil:  dilated  by  almost  all ;  through  an  atropin 
action. 

(d)  Heart:  quickened  by  atropin  action. 

(e)  Muscular  wtukness :  partly  central ;  partly,  and  perhaps 
mainly,  peripheral. 

(f)  Sirtsory :  disturbed  sensations  of  various  kinds,  formi- 
cation, heat,  etc.  ;  probably  central. 

(g)  Medullary  centers :  depression  of  respiratory  and  vaso- 
motor centers,  sometimes  preceded  by  stimulation.  The 
vessels  of  the  skin  are  usually  dilated,  producing  sweating, 
itching,  heat,  and  erythema. 
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(h)  Brain :  the  consciousness  is  usually  not  affected,  but 
there  may  be  delirium  and  later  coma.  When  convulsions 
are  observed,  they  are  probably  always  asphyxial. 

The  perfectly  fresh  flesh  of  certain  tropic  and  Russian 
fishes  also  produces  central  symptoms  (Signatera). 

Tainted  meat  is  also  counted  among  the  causes  of  scurvy. 

The  treatmeot  in  all  cases  would  be  mainly  symptomatic, 
and  no  jjcneral  rules  can  be  given.  Kmetics  and  cathartics 
should  be  employed  whenever  necessary. 


(E)  PILOCARPIN  GROUP. 

This  mmy  be  Uken  as  representative  or  a  scnc-s  n(  gmups  (inclodinK  tiicodn, 
<  coniiti,  curatin,  lob«1iu,  gcl&ciuiiiin,  and  spnrtein),  which  all  ^timuiate  peri* 
pheral  nervous  mecbanisnu  in  those  tissues  in  which  ihey  arc  jMunljrxea  by 
•tropin. 

It  comprises ^'/arar^in  aod  fiilcfiirfitiin,  from  )aborandi  leaves,  and  ntgetlin^ 
^m  Nigella  saliva.     Only  the  former  is  of  practical  importance. 


L  Si;.MMARV  OF  ACTIONS. 

1.  Stimulation,  followed  in  larger  doses  by  depression,  of 
the  ganglia  and  endings  in  precisely  the  same  structures  in 
which  tl»ey  are  parahzed  by  atropin. 

2.  A  late  and  weak  stimulation,  followed  by  more  con- 
spicuous paralysis,  of  certain  parts  of  the  central  nervous 

^  system. 

n.   ACTIONS  IN  UF.TAII,. 

(Aj  Glands. — There  is  an   increase  in  the  secretion  of 
Itfaliva,  sweat,  tears,  mucus,  and  of  the  gastric,  ]>ancreatic, 
and  possibly  of  the  inte.-*tinal  juice. 

,         The  effect  upon  the  tecrctitm  of  milk  is  doubtful. '    An  increase  In   the 
I  profKirlion  of  «U£*r  in  ihc  bUxid  has  br<-n  a'<ril>ed  to  the  itimutaiioii  of  the 
r  ciycngenk  nerves  in   liver.     The  secretion  of  urine  atid  bile  is  not  directly 
affected. 

.      The  general  increase  in  the  secretions  is  due  mainly  to 
f  -water ;  but  the  total  solids  are  also  increased,  altliouyh  their 

percentage  is  lcs.sciicd.     The  amount  of  water  lost  in  this 

manner  is  very  large — as  much  as  a  gallon  after  a  single 

injection. 

The  seat  of  the  stimuiation  is  in  the   nerve  endings   or 

ganglia. 

■  There  are  at  present  do  really  reliable  data  cortceming  the  action  of  dru^ 
(ocept  alcohol)  upon  milk  secretion. 
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It  is  not  central,  since  it  occun  after  section  of  (he  nerves  ;  nor  does  it  re- 
side in  the  ccll«,  nitice  it  is  fttupi>ed  l>y  ulropin,  which  mcts  upon  the  nervtMis 
stniclures  nmly.  That  it  mny  occur  thrcmfrh  acimulation  of  the  nerve  endings 
is  shown  by  llie  fuct  that  in  the  dog's  pftw  the  secretion  of  swe«l  is  incrcnsed 
by  iniixrarpin  (nfter  divittimi  of  the  sfinlici.  yrt  the  sweftl  nerves  in  this  sUu- 
Ation  po^se*>«  no  ^ngUa.  Hut  thni  it  <le|>end<k  partly  nI«o  upon  stitnulatioii  uf 
(hf  g:ingliii  is  rtridereJ  verj*  pn.>bal>lc  on  ncct»unt  of  its  action  on  the  heart, 
where,  as  we  shall  aee,  it  Mimulates  the^e  mainly  ;  and,  fitTlhrr,  Ihe  dose  of 
ptlocAHiiu  rc<|uired  to  produce  secretion  after  atropin  is  relatively  much  larf^er 
than  thiit  a(  muMrnrin  (which  siimulales  the  endings),  showing  that  part  c^  its 
action  must  be  higher  up  than  with  the  lattrr. 

The  antagonism  to  atiY>pin  is  complete  with  both  glands 
and  muscles.  When  the  two  poisons  are  administered 
together,  It  Is  purely  a  question  nf  the  relative  quantity  of 
each  substance  present,  as  t'>  wlictlier  increase  or  decrease 
of  function  will  take  place. 

Acceleration  of  the  blood  current  through  the  glands 
occurs  as  a  secondary  efllect  of  their  increased  action.  A 
common  effect  of  pilocarpin,  a  hyperemia  of  the  skin  (re- 
sultinjj  in  an  increase  of  its  temperature),  ma)'  possibly  be 
due  to  the  increased  ULtivit)'  of  tlie  sweat-glands. 

(B)  Unstriped  muscle  generally  (except  that  of  blood- 
vessels, which  appears  exempt  from  its  action)  is  thrown  into 
contraction  b)' stimulation  of  its  peripheral  nervous  apparatus. 
This  is  most  conspicuous  in  tlic  nitisthif,  residting  in  in- 
creased peristalsis  (diarrhea  and  cohc).  It  occurs  indepen- 
dently of  tlie  central  nervous  system,  and  is  abolished  by 
atropin  in  the  same  manner  as  the  secretions.  After  very 
large  doses,  the  stimulation  is  followed  by  paralysis.  An 
identical  action  upon  the  stomach  results  in  nausea,  retching, 
and  vomiting,  but  the  effects  upon  this  organ  are  much  less 
than  thn.sc  upon  the  intestine.  Of  other  unstrii>ed  mu.scle, 
that  of  the  bronchi,  bladder,  spUcn,  and  possibly  of  the  uWrus^ 
is  aflccted  in  the  same  manner. 

(C)  In  the  eye  pilocarpin  produces  miosis  and  spasm  of 
accommodation  through  stimulation  of  the  motor-oculi  end- 
ings and  ganglia,  the  evidence  being  the  same  as  in  the  case 
of  glands.  The  intraocular  tension  is  at  first  raised,  followed 
by  a  more  persistent  fall,  due  to  the  miosis.  Large  doses 
produce  late  paralysis  of  the  oculomotor  endings,  as  else- 
where. 

(D)  In  frog's  heart  it  produces  stimulation  of  the  vagus 
ganglia  with  following  paralysis.  There  is  at  first  diastolic 
standstill,  after  which  the  heart  returns  to  its  normal  rate. 
Stimulation  of  the  vagus  trunk  is  now  ineffective,  but  stimu- 


ACTION   ON    CIRCULATION. 


ation  of  the  sinus  produces  stoppage.     This  shows  that  the 
idings  are  not  paralyzed,  and  the  paralysis  must  therefore 
[be  liniit<fd  mainly  to  the  ganglia;  although  most  observers 
Jso  claim  some  affection  of  the  endings  in  addition. 

XcTy  large  doses  again  stop  the  heart,  but  since  atropin 

joes  not  remove  this  final  standstill,  it  is  evident  that  it  must 

due  to  direct  paralysis  of  the  heart-muscle. 

In  the  excised  mamniaiian  hrart  (Hedbom-Langendorff) 

the  action  is  the  same,  but  the  stage  of  vagus  stimulation 

is  short :  The  rate  is  suddenly  slowed  ;  this  lasts  but  a  short 

time;  tlien  there  is  marked  quickening  with  increased  tonus 

(paralysis  of  vagus).      Large  doses  paralyze  the  muscle. 

In  those  mammals  in  which  the  tragus  is  constantly  acting 

^^^-*'g',  (log  and  man — pilocarpin  gives  a  marked  acceleration 
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Ijl* — Pilucarpin.     Curolid  pressure,  dag.     The  Ncdon  bcgini  kt  X-   -^ 
sbomrs  stiomlation  of  vagus ;  B,  depreuton  of  va^s. 

of  the  pulse,  with  increased  blood -pressure  (Fig.  51,  ^  and 

later  with  arhythmta.     The  cause  for  this  must  be  sought 

in  vagus-paralysis  ;  but  the  rise  of  blood-pressure  is  partly 

■due  to  a  stimulation  of  the  vasomotor  centers.      In  large 

^■doscs   this  action   is   followed   by   muscular   slowing    and 

^Breakening  of  the  heart,  and  consequently  fall  of  pressure. 

^^"his  action,  as  in  the  frog's,  cannot  be  removed  by  atropin. 

and  is  on  the  muscle  directlj'.      In  rabbits,  a  primary  vagus 

stjtuu/ation  precedes  the  phenomena  described  for  dc^s.  and 

makes  itself  felt  by  slowing  of  the  heart  and  fall  of  blood- 

prcssure ;  thi.<;  action  sometimes  occurs  in    man  and  dog 

(Fig.  51.  .4). 

(E)  Ceatral  Nervous  System. — The  action  is  weak  and 

late,  so  that  it   is  entirely  overshadowed   by  the 

ipheral  actions.     The  effects  are  mainly  depressing  (and 
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this  applies  to  the  other  groups  of  this  scries).  Vasomotor 
paralysis  is  a  rather  early  and  prominent  symptom  ;  it  leads 
to  dyspnea.  Later,  tlic  respiratory  center  is  also  depressed. 
Eiiema  of  tfie  lungs, ^  consequent  on  the  weakened  heart  and 
obstruction  uf  tlie  bronchi  b)'  mucus,  is  a  frequent  occurrence. 
The  motor  centers,  especially  those  of  the  cord,  show  some 
stimulabon  (increased  reflexes,  tremors,  convulsions)  and 
later  paralysis. 

in.    TOXICOl-OGV. 

The  toxicology  of  pilocarpin  is  not  vcrj'  important.  The 
symptoms,  which  apply  also  to  muscarin  (see  p.  268).  begin 
with  a  greatly  increased  secretion  of  sahva,  sweat,  and  tears; 
then  nausea,  profuse  vomiting,  and  painful  diarrhea ;  pupillary 
contraction  and  spasm  of  accommodation  ;  pulse  variable  in 
rate,  tense,  and  arh>thmic  ;  palpitation  ;  dyspnea  with  rales; 
sometimes  confusion  o(  ideas,  vcrtiyo.  tremnrs.  and  feeble 
convulsions.  Death  is  either  by  paralysis  of  tlie  heart  or 
edema  of  the  lunjijs. 

Treatment. — Atropin  is  a  physiologic  antidote.  Oher- 
^vise  the  genera!  treatment  of  alkaloidal  poisoning.  For 
materia  niedica  and  therapeutic  uses,  see  end  of  chapter. 


I 
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(F)  CURARE  GROUP. 

I.  MEMBERS.   DERIVATION.  AND  CONSTITUENTS 

There  are  many  drugs  wliicli  Itave  an  action  on  muscle- 
nerve  endings  similar  to  that  nf  curare,  but  viith  the  greater 
number  this  action  is  overshadowed  by  other  effects. 
The  curare  action  is  indeed  so  widely  distributed  that  it 
may  be  looked  upon  as  a  peculiar  expression  of  fatigue  and 
as  a  sign  of  injur)'  to  tJiese  endings. 


Among  tbe  must  icaporuint  poisonii  possessing  tbis  action  are  the  fbltuwing  : 
Certain  ammonia  bases,  ntnids  and  ainins  cholin,  muscarin.  etc 
Methyl- sto'chnin. 

Alomatic  »eries  :   I'yridJo,  quiiHjtin,  tlutlia. 
Nicotin  scries,  ptpcridio. 
Cocain. 

Cant]>hor  in  frogs,  but  not  in  warm- blooded  animals. 
Certain  putrefactive  ptomains 
P)poduci9  of  muscle  metabolism. 

1  The  edema  produced  by  the  drug?:  of  thit  series  consists  rather  in  tbe 
sspiralion  of  bronchial  eflitsion,  than  in  a  true  )«rous  effuston.  Injuiy  to  the 
WalU  of  the  Gapillaries  \%  a  necessaiy  factor  for  tbe  latter. 
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Mrnrv  ii  derived  from  ihe  rool-bark  uf  Suuth  American  plants  of  Uie 

Srmii  Strychnos.      It    \s  prcjjaTvd  by  Oie  ImlianK  n*  nn  nrrow  pnison.     The 
iffcfrot  **nipl«i  which  firui  iheir  way  iniu  commerce  probably  hnvL-  quite  a 
dilTrmil  cimalituliim.      Thcrj-  are  called  Tiriinas,  Wuurare,  and  Curarr.      Ccr- 
itua  uf  tb*rm  are  also   said   tu  contain    snake  venom,   hat  lhi$  appears  to  he 
All  the^  sampler  ]<»?  a  grral  deal  of  iltcir  activity  in  time,  and 
oirmre  is  one  u(  Ihi-  m'Ml  unitrtJahlc  <if  tinigs. 
The  omuJtuents  vary  wiih  the  (iHgin  nnd  also  with  the  length  of  lime  dur- 
ing which  the  dmv;  ha&  been  kept.     Tlivy  are  alkaloidal  in  nature.     The 
I|&o»l  imjiufinnL  arc  : 
Cumrin, 
Protocurarin, 
Tulxjcurarin, 
Tbcy  decrease  in  activity  in  the  above  order,  the  curarin  being  the  sti^}ngest. 
II.  SUMMARY  OF  ACTlnNS. 
I.   I^ralysis  of  the  nerve  endings  in  striptjd  muscles. 
2.    I^ter.  {paralysis  of  the  nerve  endings  arountl  sympa- 
tiietic  ganglia. 

3,  Wiih  very  large  doses  a  direct  depression  of  the  irri- 
tability of  the  muscle  substance. 

r4.  Under  special  conditions  a  strychnin -I  ike  action  on  the 
ntral  nervous  system. 
in.  DETAILS  ov  ArnoNs, 
1.  Patralysis  of  Muscle-nerve  Endings. — Ordinarily 
the  only  symptoms  of  "curare"  poisoning  ctjnsist  in  this 
paralysis.  When  the  curare  is  introduced  under  the  skin, 
it  irauses  a  total  loss  of  motion,  first  of  the  voluntary  and 
en  of  the  respiratory  muscles,     The  order  in  which  this 

rbancc  appears  is  the  following: 
{a)  Short  muscles  of  the  toes,  ears,  and  eyes. 
(6)  I-imhs.  head,  and  neck, 
(c)   Respiration. 

The  heart  is  not  affected  except  with  very  much  larger 
doses. 

The  first  sign  of  curare  action  consists  in  incapacity  for 

ustained  effort  on  repeated  stimulation  of  the  nerve;  /.  t\, 

hercas  a  single  contraction  is  normal,  fatigue  sets  in  more 

dily  than  usual.     Then  the  height  of  contraction  is  some- 

lowcrcd.     Then  the  current  must  be  strengtiicned  to 

btain  any  response  ;  and  finally  even  the  strongest  stimu- 

on-^>f  the  nerve— is  ineffectual. 


bhat 


tf  is  rvideni  that  tome  «irui-tuTc  i»  paralyzed.  The  paralysis  might  have 
»r»t  in  an)r  fMitt  of  the  centnl  nervous  .system  or  it  migbl  be  peripheral, 
lalion  of  Ibe  &datic  doea  not  produce  a  cuntraclion  if  the  dose  has  been 
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sufiicieni.  The  point  of  altick  must,  ihercfpre,  W  pfrijihcnil  lo  the  *ri»(ic 
ncrvi;.  This  leaves  the  nrrvr-trunk  itself,  the  nerve  encliiig>,  ind  the  muKle- 
fibers.  Slitnitlniion  q(  the  muMile  diicctly  i:>  efTectivc,  »o  that  tliis  is  excluded. 
To  decide  iKTlwcrn  ihc  iiervc- trunk  and  n<rrvc  fndinf;^,  Bernard  in  his  rlnxsical 
ex|>crimcnt  placed  a  tigat«re  Rmund  the  body  of  a  fnag.  with  the  excepiion  of 
the  sciatic  nerves,  and  tightened  itii:  ligature  so  as  to  entirely  exclude  the  lower 
cxtrcmitirs  fmni  the  circulmion.  He  then  injected  the  cunire.  In  this  mao- 
ner  the  peripheral  portions. of  the  wiatic  nerves  and  the  endings  did  not  come 
into  contact  with  llie  curare  and  the  ncr*c-tiunk  waii  alone  exposed  tothcpoiMM. 
He  found  that  stimulation  of  thr  iruiik  caux'd  normal  rontraclinn,  consequently 
that  curare  had  no  action  on  it,  thus  Itrsving  only  tlie  endings. 

The  experiment  can  l>c  [>erfomied  in  a  mucli  simpler  niamicr  by  ligaluriog 
one  li"g  fj[i:lusivtr  of  ihc  nirr^c.  <ir  by  plating  the  niuwle  of  one  and  the  nerve 
of  anotbci  louscle-oeivc  prrporatioi)  into  the  solutiua. 

This  paralysis  does  not  affect  the  sensory  nerves. 

The  reporu  of  early  travelers  who  describe  poisoning  by  curare-arrows  meo- 
tiuii  iluu  aensatiun  is  nut  im[>iurciJ  when  niutiun  is  rniiicly  impuuiblc.  Ber- 
nard alw>  studied  this  action  directly  on  the  frog.  He  ligntured  one  kg  with 
the  exce^itjiii)  uf  the  sciatic  ncT%'e,  injected  the  poison,  and  applied  llie  stioiutus 
to  one  of  the  upper  extremities,  'lliis  caused  a  reflex  muveincnt  nf  Ihr  lig- 
atured leg,  which  would  not  have  been  the  case  liad  the  aeiuoty  codings  of  tb« 
foreleg  been  paralywd. 

In  cold-blooded  animals  in  which  the  respiratory  exchange 
takes  place  largrlj'  through  the  skin,  and  rrspjratorj'  move- 
ments arc  unnecessary,  the  poison  is  gradually  eliminated  if 
the  animal  be  kept  in  moist  atmosphere.  Complete  recov- 
ery occurs  after  eight  to  ten  days,  except  when  the  dose  is 
extremely  large,  in  which  case  other  factors  come  into  play. 

Warm-blooded  ajiinials  die  of  jwralysis  of  the  respira- 
tory muscles.  If  artificial  respiration  be  kept  up  and  the 
dose  has  been  only  just  large  enough  to  produce  a  paralysis, 
they  may  also  recover. 

The  seat  of  the  respiratory  paralysis  is  also  peripheral, 
for  stimulation  of  the  phrenic  nerve  does  not  cause  con- 
traction of  the  diaphragm. 

2.  Larger  doses  paralyze  the  nerve  endings  around  llie 
sympathetic  ganglia,  such  as  the  vagus,  vasomotor,  sal- 
ivary, pupillary,  etc. 

Stimulation  of  Uie  vagus  then  usually  only  slows,  but  does 
not  stop  tile  lieait.     (Fig.  52  K)     At  this  stf^e  the  pupil  is 

little  affected  ;  later  it  is  dilated  (paralysis  of  oculomotor?). 
The  heart  is  quickened,  after  a  shght  primary  slowing  (nico- 
tin-Iike  stimulation  ?). 

3.  The  circulatiOD  remains  almost  normal  longailcr  tltc 
respiration  has  ceased  ;  i.  e.,  if  oxygen  is  freely  supplied. 
The  effects  upon  the  heart  and  upon  the  blood -pressure 
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arc  very  small,  which  makes  curare  an  extremely  useiul 
drug  in  experiments  in  which  the  circulation  must  be  kept 
nonnal.  The  objection  to  its  use  is  that  it  does  not  cause 
sensory  paralysis. 

The  blood'prcssttrt'  falls,  due  to  depression  of  the  vaso- 
motor ganglia.  It  does  not  come  to  complete  paralysis, 
for  the  fall  is  abolished  by  strychnin,  and  reflex  stimulation 
of  the  central  end  of  the  sciatic  still  causes  a  rise  of  pressure 
when  stimulation  of  the  peripheral  ends  is  absolutely  in- 
effectual on  the  muscles.      (Fij?-    52  "i^.)      Later  tlie  curare 

may  cause  a  slight  rise,  from  quickening  of  the  heart. 

i 


i%iM 


Fig.  52. —Carmrt.  Cuulid  prciiSurc,  dog.  Tbc  action  begins  Kt  X- 
There  u  first  a  fall  of  blood  pressure,  due  to  voaoconslricior  dcpreiuton  ;  sec- 
otMbrily  a  riie  and  quickening,  doe  to  vagus  depression.    StimulAiiun  uf  %'iigus 

T  ia  ediecmal,  but  weak.      Stimulation  of  sciatic  ^  causes  rise  of  pressure 

.  ^ihoBg^  muscles  are  completely  paralyzed. 


An  increase  of  peristalsis  is  often  observed,  but  is  prob- 
ably due  to  asphyxia  ;  so  also  are  any  changes  in  metabolism 
and  largely  the  glycosuria. 

4.  Central  Nerroua  System. — When  curare  is  applied 
directly  to  the  spinal  cord  it  causes  tj'pical  strychnin  convtd- 
sicHS.  With  ordinary  methods  of  administration  these  arc, 
of  course,  masked  by  paralysis  of  the  nerve  endings,  and 

Bt>esjdc3  it  is  very  probable  that  the  amount  is  not  sufficient. 

•Certain  samples,  however,  cause  strychnin  convulsions  before 

^hfae  typical  curare  action  appears. 

^^^  tV.    RFT.ATIOy  TO  OTHER  GROLfPS. 

^1     The  chemic  relation  between  curare  and  strychnin  has 

^klready  been  mentioned,  and  it  may  be  remembered  that 

tfacy  are  both  derived  from  plants  of  the  same  genus.     The 
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iiU'oHn  scries  and  curare  are  also  related  on  account  of  their 
action  on  the  sympathetic  ganglia. 


V. 


REASONS  FOR  INAtTIVlTV  f)F  CURARE  WHEN  GIVEN 
IIV   SIOMACH. 


The  effects  of  curare  are  obtained  only  if  it  is  intro- 
duced un<^er  the  skin  or  into  the  circulation,  not  if  iutro^ 
duced  into  the  stomach.  The  ex  peri  men  t.s  on  the  adminis- 
tration of  curart-  by  the  stomach  have  shown  tliat — 

1.  It  is  not  destroyed  by  the  gastric  juice. 

2.  It  passes  ver\'  slowly  tJ»  rough  the  walls  of  the  stomach 
when  the  epithelium  has  been  killed,  and  not  at  all  if  the 
epitiiLlium  is  stiil  living.  (It  will  be  remembered  also 
that  strychnin  is  not  absorbed  by  the  stomach  in  rabbits.) 

3.  It  is  to  a  large  extent  fixed  or  destroyed  by  the  Uver, 
for  it  is  much  less  active  whrn  injected  into  the  porta!  than 
into  the  jugular  vein.  It  is  also  distroyed  in  vitro  by  ox 
twle,  aiid  by  bacteria. 

4.  k  is  very  rapidly  excreted  unchanged  in  the  urine. 

The  .smallncs3  of  its  action  i.s,  therefore,  due  to  the  capa- 
city for  absorption  being  less  than  the  capacity  for  its 
destruction  or  excretion.  If  the  renal  vessels  are  lied,  poi- 
soning uccurs  quite  readily  even  when  it  is  taken  by  the 
stomach.  If  very  large  doses  arc  taken  on  an  cmpt>'  stom- 
ach, sufficient  may  be  absorbed  to  cause  symptoms. 

VI.    TOXICOU)GY. 

The  toxicology  of  curare  itself  is  at  the  present  time  of 
ver^'  little  importance.  The  sympti)nis  havt;  been  sufficiently 
discussed  and  consist  of  paralysis.  In  some  cases  in  which 
it  seems  to  have  paralyzed  the  respii-atnr}'  center  before  the 
muscles,  it  has  given  rise  to  asphyxia!  convulsions  (or  per- 
haps these  were  due  to  str\'chnin  action). 

Certain  ptomains  also  exhibit  a  similar  action. 

The  physiologic  treatment  would  be  the  maintenance  of 
artificial  respiration  until  the  poison  has  been  excreted. 
The  Indians  use  salt  on  the  wound.  This  may  be  useful 
on  account  of  the  reflex  stimulation  which  this  causes  when 
applied  to  an  open  surface. 

VI!.  THERAPEirriCS. 

Canire  is  a  Moratory  drug.  It  is  of  btgE  importiince  10  technic  to  imtno- 
bflize  an  Kiiinml  wilhool  producing  any  change  in  the  drculalion.      It  is  tlio 
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very  uwful  when  it  is  dvured  to  investigBte  the  properties  of  muscle  excIosiTe 
of  its  DcPFC  endings,  etc. 

Ill  tktra^uJu  apflujlimn  i«  still  largely  experimental  and  nut  very  pron>- 

isiDg.     It  has  been  saggeMrd  to  combat  the  convuliuons  nf  strychnin,  leianus, 

and  bydtx}ph<^na.     ll  is  certainty  quite  possible  to  suppress  the  spiiMnodic  cun- 

ditinn  by  suBidcnily  large  dux-s^.     t'lifarlunatcl)-,  liuwcvcr,  it  i<>  inipn<isil)lr  to 

secure  tlii%  without  at  tht-  tamv  time  panilyzin^  re>piraliDti.     This  latter  may, 

ihcorcticAlly.  be  counteracted  by  artitiaal  [cspimtion,  but  this  prolonged  mii^- 

ipuUliun  ii  in  itself  injuriuus.     On  ibc  other  band,  iniiumnl  dnscJi  may  be 

cxMUMleteil  uiteleM.  atiO,  indeed,  us  ha^  liern  jKijnled  out,  even  if  the  sfiasmA 

ooold  be  9upiHe5»ed  wiihuut  affcctini;  the  rc^piisliuii,  this  would  not  be  an 

I  ideal  tnatmeut  for  strj-cbuiu.     1q  wcIt-chosen  ca&cs,  however,  curare  ma)-  be 

'  Hut  means  of  saving  life.     CxMivuUions  cettainiy  (end  to  heighten  faligue  and 

paralysis  of  the  ri)edullar>'  centers,  and  if  in  a  ca^e  in  which  the  degree  o(  pert- 

tcning  jast  rxcecilcd  the  letlml  limit  by  a  very  little,  a  rainiinal  amount  of 

curarr  were  injected,  this  might,  perhaps,  reducer  the  <pnMn  sufficierMly  lo  turn 

the  «ale,  or  aotnewhat  larger  doses  mt^ht  be  given  whtch  would  rccjuirc  some, 

but  not  Tcry  much,  artificial  mtpiralion.     Thin  hoN  aduallv  been  done,  and  in 

I  detpemte  ca«cs  curare  1*  wnrlhy  of  a  trial  ;  but  tn  addition  to  the  other  objec- 

'  lions  come  tlie  very  uncertain  quAntilative  effects.     It  would  only  be  justified 

to  work  with  tested  uunples,  and  these  arc  very  nurly  accessible  wIicd  needed. 


(G)  NICOTIN  GROUP. 
I.    MEMBERS.  CHEMISTRY.  ETC. 


IXiivtim  a  a  nuiil,  volatile,  oxygen  free  ulknluid.  uf  strongly  basic  charac- 
ters. It  form*  salts,  most  of  which  arc  wiluble.  It  i»  colorleu  and  aliooat 
uJurless  wliet)  freshly  prepared  ;  but  it  partly  decomposes  on  keeping,  acquiring 
a  cbaiBCtcrislic  odor  and  a  brown  color. 

The  Mcnnd  member  of  the  group,  fn/urim^  is  ■  very  similar,  if  not  identi- 
cal, alkaloid,  tlcrivcd  from  Duhoiiia  //(•pwootiH,  which  is  chewed  by  the 
natives  of  Au^lraliu  aa  lotxuxu. 

The  chfniic  Mnicture  of  nicottn  ha*  been  cxpluini'd  on  page  153- 
Although  nici^rtn  fornift  the    only  important    ingredient  of    tobacco  or   its 
Bnokc,  il>  airtioo,  when  o-<ed  habitually,  presents  su^cienl  difference  to  entirely 
cepatBte  it  from  the  acute  action. 


}  (A)  Acute  Action  of  Nicottn  (and  Piturin). 

This  bean  the  greatest  resemblance  to  that  of  pilDcaq>ln,  with  the  following 
eiceptioas : 

TUc  cfTrtt^  upi^n  tlie  central    nervous  system  are  more  marked  and    are 
onlnly  deprF*>tiig. 
I        In  gland*  niid  naotriped  muscle,  it  poralyzes  the  ganglia  exclusively;  its 
I  action  upun  tlie  eye  »how<i  some  ditferences. 
It  has  a  curare  action  on  muscle  endings. 


H.    SUMMARY  OF  ACTIONS. 
I.   Dcprfssion  of  the  central  nervous  system,  preceded 
by  sliort  stimutation. 

I      2.  A  stimulation,  and  more  lasting  paralysis,  of  sym- 
pathetic ganglia  in  all  situations. 
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3.   A  curare  action  upon  skeletal   muscle  endings,  also 
preceded  by  stimulation. 


111.   DETAILS  OF  ACTION. 

1.  Central  Nervous  System. — Stimulation,  followed  by- 
depression,  of  tiie  whole  cerebrospinal  axis,  from  above 
downward. 

Thir  stimutatinn  may  be  rittirfly  absent,  es|>ecially  in  latge  dotes,  to  thai 
the  animal  may  drop  dead  almost  inscaataneou^ly,  without  aojr  other  sympxam. 
I9ul  llii&  is  nut  commot). 

TtiF  efT<°cl!i  of  »>ni*H  doses,  auch  aa  arc  Doiked  in  the  first  attem|i(  al  smok- 
ing, will  be  discusKd  later. 

(A)  Larger  doses  produce,  from  affection  of  the  hemi- 
spheres, t'xcitenunt,  with  violent  headache.  The  former  is 
transitory  and  soon  gives  place  to  depression. 

In  frogs,  the  symptoms  are  precisely  the  same  whether 
the  hcmi^pliercs  arc  intact  or  removed,  so  that  they  do  not 
play  an  impoitant  role  in  tiiese  animals. 

(B)  Of  the  medullary  centers  affected,  the  respiratory, 
vagus,  vasoconstrictor,  and  conrtdsion-ccntas  are  the  most 
important.  It  is  possiblt;  that  the  salivation  and  vomiting 
are  also  partly  of  medullary  origin.  The  stimulation  of 
respiration  finds  expression  in  a  quickening  and  deepen- 
ing of  the  movements  ;  in  the  subsequent  depression,  they 
are  slowed,  shallow,  and  irregular,  and  they  arc  altogether 
arrested  during  the  convulsions.  Paralysis  of  respiration 
forms  the  causi-  of  death.  The  circulation  is  more  strongly 
influenced  by  the  peripheral  actions.  The  spinal  cord  also 
shows  increased  excitability,  tremors,  and  heightening  of 
reflexes,  passing  into  spasms.  These  have  thdr  seat  to  a 
great  part  also  in  the  hind-brain  and  medulla.  Tliey  are 
very  much  weaker  in  anesthetized  animals.  Paralysis  fol- 
lows quickly  on  tlK-  stimulation. 

2.  Peripheral  Actions. — These  bear  the  greatest  gen- 
eral resemblance  to  those  produced  by  pilocarpin  (see  p, 
271);  so  that  the  evidence  broug]it  forward  for  the  latter 
applies  with  equal  force  to  nicotin,  with  the  exceptions 
about  to  be  noted  :  The  stimulation  is  shorter,  and  in  large 
doses  entirely  absent,  the  depression  more  marked  ;  the 
latter  also  becomes  evident  in  the  case  of  glands. 

The  efiects  of  other  drugs  uv  the  lame  ti^Ktii  (he  acljons  of  fticoUn  u  apoR 
lho««  of  pilocarpin.  cxcrpi  that  comparativrly  much  laifcr  dotes  of  nicotin 
thao  of  pilocarpin  arc  requited  to  stimulate  after  alitiptu. 
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Where  it  is  possible  to  investigale  the  nerve  endings 
beyond  the  ganglia  (as  in  frog's  heart),  it  is  seen  that  tlie 
endings  ate  not  affected  by  nicotin,  except  in  the  largest 
doses,  and  that  the  stimulation  and  paralysis  reside  in  the 
ganglia  only. 

(a)  On  the  mammatian  heart  the  first  effect  is  a  slowing 
C^*g-  53*  <*).  *^"<^  to  stimulation  of  the  vagus  ganglia, 
and  also  to  that  of  tlie  vagus  center  (see  above).     This  is 


I 
I 


^%-  53- — Nicoiin.     Cudiomyogrtm,  doR-     Upstroke  =  ^tole :  a.  First 
utAge  1  b,  aecotul  suge. 

followed  by  marked  quickeniHg  and  irregularity  (Hg.  53,  b\ 
frora  paralysis  of  tlic  nervous  mechanism. 

In  idditiori,  nicotin  cau5e&  an  increase  in  the  in-iubilityor  rhe  myocardium, 
10  thai  i(  beau  U>Dg  alter  death  ;  and  eveo  very  large  dotes  1  a«  much  as  1 2  Gm. 
in  ■  <iagtl  have  l>een  Klateti  iint  lu  be  <k:1eten()U!>  li>  the  mr<:)ia<;  inuM:)e  ;  bat 
the  opposite  new  is  held  by  most  authon,  and  the  whole  «erie»  needs  invettf* 
(ation  in  ihit  retpetl. 

{H)  Of  further  effects  upon  the  circulation  (Fig.  54)  there 
occurs  a  rise  in  blood  pressure,  due  partly  to  the  tachycar- 
<fia.  but  mainly  to  vasoconstriction,  particularly  of  the 
splanchnic  vessels,  which  can  be  noted  as  a  paling  by  direct 
observation.  It  precedes  the  quickening.  The  outflow 
from  veins  is  lessened.  It  is  again  partly  of  central  origin, 
but  principally  peripheral,  since  the  rise  occurs  also  after 
section  of  the  cord.  Its  cause  lies  in  a  stimulation  of  the 
constrictor  ganglia.  Here  also  a  paralysis  follows  ;  the  ves- 
sels again  become  flushed  and  the  pressure  falls.  But  the 
rise  of  pressure  may  be  evoked  a  number  of  times  by  re- 
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peating  tlie  injection,  until  finally  the  paralysis  of  the  gan- 
glia is  complL-tc. 

(r)  For  imstriped  muscle  in  general — stomach,  intestine, 
bladder,  uterus,  etc. — the  general  remarks  at  the  beginning 
of  the  section  are  almost  sufficient. 

There  arc  nausea,  vomithtg,  diatrhea,  and  colic  from  its 
action  on  the  alimentary  canal,  even  in  small  doses  (smok- 
ing), doubtless  for  the  most  part  from  direct  sUmiilation  of 
the  rtr\nus  mechanism,  which  is  not  so  readily  followed 
by  paralysis  in  these  nniscles  as  in  other  organs. 


0 


m 


Awv^HfH^ 


Y^Y)^ 


Fi(j.  54- — Nicolin.  Carotid  prcMure,  dog.  The  rfTect  begins  at  v. 
The  beats  Knt  becoiQe  weaker ;  then  very  slow  and  strong  (vagus  sutntilatioa). 
wttli  progressive-  riM^of  LiUkxI  prcuutc  (vasoconstriclui  ^limuUtiDn).  SwlilMiIy 
ihey  bcCDOie  very  rapid  ami  conwijucntly  smiillcT,  The  lulnl  worlt  iif  the  heart 
is  unchangLtl  and  cc»n!c<]uciitlj'  the  pressure  Tramins  tti[>b  ;  but  the  vosocon- 
slriclnrs  licconiing  patolj'xcd,  the  pressure  Kxin  falls.  Lintcr  the  bcarl-miucic 
also  becomes  wrakcnnl,  as  sbonT)  by  the  small  beats. 


A  stiroulotion  of  the  higher  cenlerH,  bcitli  direct  and  as  a  reflex  from  the 
irrilant  action  on  the  mucous  nieinbraties,  may  also  piny  a  part.      But  the  im- 

Krtance  of  llic  peripheral  ncliiin  is  shown  by  the  fact  that  not  only  peristalsis, 
t  even  a  tetanic  spasjn,  may  be  induced  by  it  in  the  excited  gul,  and  at  ODce 
abolished  by  nhopui. 

Thc  pupil  shows  both  contmclion  and  dilatation  at  difTcrenl  times,  niojtin 
acting  upon  the  ganglia  of  btilh  (he  DcuK»nuii>r  and  sympathetic  5bcra.  Tliere 
may  even  be  a  direct  HClion  upon  the  ins  mu-f  le.  The  effect  is  different  in 
different  animals:  Th>.>  dog  and  cat  usually  show  dilatation;  the  rabbit  ftrfi 
constriction  and  ihi-n  ililalaiimi. 

The  genera]  temnrks  already  made  suffice  to  define  lU  action  upoo  the 
gtmUi. 

(//)  There  remains  only  its  action  upon  the  endings  of 
skeletal  muscles.  These  show  at  first  fibrillary  twiickiugs, 
which  disappear  after  the  section  of  the  nerves,  but  arc 
started  again  by  short  stimulation  of  the  ner\'e  or  muscle. 
They  arc  abolished  by  curare,  and  must  hence  have  their 
scat  in  the  endings  as  well  as  in  the  central  nervous  system. 
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These  twitchings  are  followed  by  typical  curare  paralysis 
(see  p.  275J. 

In  ihe  milder  stngrs  thin  i«  shown  by  an  eqwally  ."Etronu,  "f  Mrongw,  current 
bctug  nrquiied  ii>  ubtuin  c<»nlmciiim  when  the  siiniiiliis  is  Applied  10  the  nerve 
ihan  when  it  is  pbced  on  tht:  mo^le.  In  tlie  normal  prcpm-aiion  ilie  upposite 
is  the  case. 

Nicotin  shows  a  furthtT  aj;rcemcnt  with  curare  in  its 
eflects  upon  the  ganglia  (sec  p.  276).  Curare,  of  course, 
acts  more  upon  muscle,  nicotin  upon  ganglia.  Ajiplied 
directly,  it  also  paralyzes  the  nerve-fibers. 

In  iffwt'r  attimais  the  degree  of  toxicity  of  nicotin  is  deter- 
mined mainly  by  the  development  of  their  central  nervous 
system. 

IV.  TOXICOLOGY. 

I.  Toxicity. — Nicotin  is  one  of  the  most  Tatal  .ind  mpid  or  poisons;  (be 
vapor  tirising  \\wn  a  gliiM  rod  moistened  \k'\\\\  it  and  tiixnjgtit  near  the  l)eiik  of 
a  smsll  bird  caufc^  it  to  drop  dead  at  nncc,  and  two  drops  placed  on  the  guma 
of  a  dog  may  cause  a  sitnilar  result.  The  fatal  dose  For  a  man  is  aboot  60  io%.\ 
of  tobacco,  about  2  Gtn.  It  acts  with  a  swit'tness  only  cqunlcd  by  hydiocyiuiic 
acid.  And  io  view  of  thr  high  nicoiin-contmi  of  lobacc*>  (one  cigar  contains 
a  quamityof  nicotin  which  would  prove  fatal  to  two  per*inns,  if  directly  in- 
jected into  the  circulBtiou).  alsit  because  of  its  popular  distiibutioo.  il  appears 
•5(ooishin(;  that  fatal  nicotin-poisoning  i»  not  more  common  ;  but  ju^t  this  wide 
di^nbution  and  knowledge  of  the  drug  fomi  the  ufeguard,  as  alMJ  (he  marked 

_taj<c. 

.JIoM  caJCs  of  poisoning — outside  of  the  nlight  ones  from  first  attempts  at 
_  siting — hav6  been  pnxluced  by  its  medical  application,  especially  by  the 

riaity  :  and  since  this  lias  been  largrty  abandoned,  serious  acute  (iicntiii'|M>iNon> 
mg  ha*  become  teiy  rare.  It  miiit  be  mentioned  here  that  the  application  of 
tobuccvtu  woundftorbruiM-sis  not  at  all  Yiiihout  danger:  since  nicotin  is  volatile, 
H  >»  aletorbefl  frcmi  all  surfaces,  even  from  the  inloirl  skin,  and  fatal  caM:4  from 

I  thti  cause  are  rrconl'-d. 

3.  Symptoms. — In  lighter  cases,  such  as  commonly 
occur  in  smoking,  the  peripheral  actions  predominate.  There 
is  first  an  increased  Row  of  saliva,  pjirtly  rcflcxly  through 
the  mechanical  irritition  of  smoke,  hut  mainly  by  direct 
stimulation  of  the  ganglia  through  the  nicotin.  Nausea, 
vomiting,  and  diarrhea  soon  appear.  The  sweat-glands 
are  also  affected  in  a  peculiar  manner :  There  is  a  sensation 
of  oncoming  sweat,  which  doe-s  not  actual!)'  break  out.  A 
sensation  of  exhaustion  appears  very  early — pardy  as  the 
result  of  nausea,  but  mainly  as  the  first  indication  of  central 
collapse  action.  Palpitation  is  also  noted.  Then  come 
I  muscular  incoordination,  convulsions,  and  collapse. 

The  effects  of  poisoning  with  pure  nicotin,  which  have  been  very  carefully 
'  VQdied  raprrimentally  on  man,  bear  the  greatest  rescmbiance  to  the  above. 
After  i  to  4  mf.  ibnc  wer«  burning  in  the  mouth,  a  acratching  tennlioa  in 


284 


NICOTIN. 


CH.  XII. 


the  pbarynx,  increAsed  sdivilion,  a  sensation  of  hoiC  tpHldiiig  from  the 
region  oS  the  sunnach  c>vrr  the  wliole  liody  ;  cvcitemcBl  witli  brxllaclie  now 
appeared,  then  vertigo,  confusion,  diMuriied  visioa  and  hearing,  photophobia, 
dryness  in  mouth,  oild  exireinilJes,  nauscn,  vomiting,  and  dmrrhca.  ke^pi- 
ration  tjuickcned.  but  difficult.  Pulse  at  Arst  incmisect,  llim  irrc^lar. 
After  fortjr-hve  minutes  there  was  syncope,  with  clonic  spasms.  Recovery 
occurred,  but  ■  geuccal  depressiun  persisted  for  three  days. 

3.  The  treatment,  a-side  from  the  chcmic,  consists  of 
coffee  and  other  stimulants  and  in  nicutiny  the  symptoms. 
Emetics  will  usually  not  be  ncccssjiry. 

4.  The  postmortem  appearances  are  not  characteristic, 
although  large  dose^  cau.sc.  in  aninialis,  anemia  of  the  men- 
inges and  j>ccu  liar  anatomic  changes  in  tlic  cortical  nerve-cells. 
When  taken  by  liie  mouth,  there  may  be  gastric  and  intestinal 
hyperemia,  since  nicotin  is  sufficiently  alkaline  to  be  some- 
what caustic.     The  odor  may  furnish  a  valuable  indication. 


Fig.  55 . — Nkoiin.    Successive  posJtioni  of  frog  pononed  with  35  mg.  nicoiin. 


The  proof  of  the  poison  after  its  separation  (see  Chap.  XXXIII)  may  b« 
had  by  its  odor  and  by  obtaining  its  phy^itolngic  actions  on  frogs.  The  mus- 
cular tremors  aad  the  position  whicii  a  fru)r  asautnes  after  atcutin  are  higttly 
characteriKtic  4Fig.  55l>      A  cunlnil  animal  should,  of  course,  be  used. 

1'he  chemic  tests  arc  of  no  practical  importance,  since  very  similar  reactiotks 
aie  given  by  coniin  and  by  a  ptomain. 

The  excretion  of  nicotin  occurs  mainly  through  the 
kidney,  but  also  through  the  lungs  and  sweat.  The  neu- 
tralizing effect  of  tlie  liver  (see  p.  I  36)  is  very  marked  in  tlie 
case  of  nicotin. 
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Nicotin  is  very  resisfant  to  putrefaction .  and  has  been 
isolated  from  tli«  decomposed  bodies  of  animals  three 
months  after  death. 

(B)  Habitual  Nicotinism. — I.  Chemistry  of  TobacctH 
smoke. — The  eftccls  ot  tobacco-smoke  arc  due  almost 
purely  to  tlie  nicotin  contained  in  it.  The  erroneous  .state- 
ment has  been  widely  disseminated  that  tliis  contained  no 
nicotin.  This  view  was  based  mainly  upon  theoretic  deduction 
from  the  lad  that  the  nicotin  is  present  in  tobacco  in  the  lonn 
of  a  comparatively  fixed  salt.  It  was  believed  that  the 
alkaloids  in  this  form  were  btirned  by  the  heat  of  smoking. 
More  exact  recent  researches  liavc  shown  that  under  the 
conditions  existing  in  smoking^.  the  heat  rises  sufficiently 
high  to  set  the  nicotin  free  from  its  salt,  yet  not  high 
enough  to  destroy  it  completely. 

The  effect*  of  smoke  upon  frogs  are  precisely  those  of  the  nicotin  contnincd 
in  it.  The  drier  the  IuImccu  ami  the  i;riraicr  the  heat,  the  less  nicotin  will 
e»cmpc  dotnution.  In  experiments  M>nictbin|;  like  15  lu  62^(  of  the  nico- 
tin preseni  in  the  tobacco  are  recovered  from  the  .cmoke  ;  but  a  gredier  jmrt  of 
this  is  exhjtied  ur  cx]Mrclumlc(l ;  ihi^  explains  why  a  ciKOt,  cutilaiiimg,  a^  has 
been  Mud,  uicoltn  buHicient  (o  kill  two  men,  were  it  directly  injected,  has  so 
cowpannively  itmall  on  effect.  But  even  smoking  may  have  a  fntai  reault  if  a 
nflkienl  quuiuiy  uf  tobacco  be  o^ismmcd.  I'herc  are  no  data  concemiDg  the 
pcrccntsge  of  nicotin  in  chewing  tobacco. 

The  smoke,  however,  does  contain  suhtamfs  other  than 
nicothi :  Aromatic  essential  oils :  the  decomposition  products 

[of  nicotin:  pyridin  and  quinolin  ;  and  the  constituents  of 
ordinary  smoke:  CO,,  CO,  and  IICN.  All  tlicse  are  either 
almost  without  action,  ur  the  quantity  is, too  small  to  have 
any  serious  clTect.  But  if  a  large  number  of  persons  smoke  in 
a  confined  atmosplicrc,  the  carbonic  cixid  may  rise  to  a  sufH- 

I  cient  amount  In  quite  a  short  time  to  produce  a  dangerous 
intoxication  (see  Chap.  XX.  A). 


ScDoJied  with  an  aspinUur,  the  smoke  from  a 

Pipe  contunSf  on  averafcci  .    .       14-S 
Ci«« 13 


o. 

6.7% 
10.5 « 


Bat  this  probably  variei  greatly  witit  the  manner  of  »mokiiig      Atmhic  is 
Btrtimw  prarni  m  harmful  i)uantilirs  when   Paris-green  has  been  uaed  oa 
&«  plant  as  an  insecticide. 

All  these  smoke  constituents,  as  also  the  volatile  empy- 
reumatic  oils,  concur  with  the  nicotin  to  produce  certain 
local  effects :  the  bitinjr  sensation  on  the  tongue,  noted 
especially  when  the  smoke  is  concentrated  on  one  point, 
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as  in  pipe-sinokmg.  This  consUiit  local  irritation  also  seems 
to  favor  the  dcvulopmcnt  of  epithelioma.  There  is  also  a 
more  general  irritation  of  the  mucous  membrane  of  the 
mouth,  throat,  and  pharynx,  leading  to  catarrh  and  hoarse- 
ness. 13ut  these  results  follow  only  when  the  quantity 
consumed  is  very  large  or  the  smoker  specially  disposed. 

II.  General  Effects. — Thr  qur!<cinn  of  ihc  cfTcct^s  of  smuking  has  been 
largirly  discussed  with  a  ralhcr  uiiscurntific  cxitcnieric<LS.  some  contending  llml  it 
is  entirely  harniics^s  when  iiiuderatcly  UM.-d  ;  wheieos,  on  tlic  other  hand,  an 
enlhusiastic  Frnncli  writer  has  front  so  far  a.s  to  nltributc  (lir  defeat  of  bis 
tuition  in  ihc  war  of  1S70  lo  the  prevalence  of  dgnrctlc  smoking.  Of  Ihc 
two  vicw»,  the  former  would  xcm  to  come  nearest  llie  Irulli  if  ibc  »trcss  is  bud 
upon  tbc  word  "  nnxlcmlc." 

Since,  iicxl  to  cafTein,  nicotin  H  Ihe  alkaloid  most  widely  used,  an  impaitiat 
discussion  of  this  question  is  important. 

/.  Habituation, — To  begin  with,  it  must  be  acknowledged 
that  the  chronic  use  of  nicotiii  pn,-srnts  very  great  individual 
variations  in  its  conse<iuenccs :  Whilst  one  person  ntay 
become  easily  accustomed  to  its  use,  another  may  be  entirely 
unable  to  overcome  the  trial-stai^e,  and  others  must  be  care- 
ful not  to  exceed  a  very  limited  amount.  This  variability 
depends  not  only  on  ditferences  in  the  susceptibility  of  the 
individual,  but  also  upon  the  manner  of  using  the  drug — 
whether  or  not  the  smoke  is  deeply  inhaled,  the  saliva 
expectorated,  etc. 

The  habituation  is  usually  very  rapid,  and  nicotin  loses, 
in  moderate  doses,  all  its  usual  acute  efiects  (wc  have  noted 
a  similar  acquired  immunity  to  some  of  the  ejects  of  bella- 
donna and  muscann,  see  pp.  259  and  269 ;  and  it  may  also 
be  interesting  to  note  that  the  goat  is  comparatively  im- 
mune to  tobacco,  as  it  is  to  atrupin). 

The  fact  that  a  second  appiicadoii  of  nicotin  lo  a  ganglioD.  etc.,  does  not 
produce  the  origiiul  stimulation,  is  due  to  pamlrsi!),  and  not  to  habitoaliun. 
No  habitual  immunily  has  b«en  clearly  made  out  in  animnis  pcrhnp-^  because 
sufficient  experiments  have  not  been  made. 

When  this  immunit)'  has  once  been  acquired,  the  con- 
tinued use  of  tobacco  within  a  certain  individual  limit  pro- 
duces absolutely  no  unpleasant  symptoms;  but  if  the  limit 
be  at  any  time  sufficiently  exceeded,  the  .symptoms  of 
chronic  poisoning,  presently  to  be  discussed,  arise.  After  a 
long  time,  some  twenty  years,  these  symptoms  may  also, 
but  rarely,  occur  in  those  who  have  always  kept  within 
bounds. 

Once  the  immunity  to  the  usual  acute  action  of  nicotin 
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has  been  acquired,  its  use  by  smoking,  chewing,  or  snuffing 
brings  with  it  a  certain  pleasant  scnsatiun,  wiiich  appears  to 
be  entirely  wanting  witli  the  beginiitr.  This  is  somewhat 
difficult  to  define.  There  appears  to  be  a  certain  repose, 
which,  whilst  it  neither  directly  aids  nor  hinders  the  psychic 
processes,  leaves  the  mind  free,  and  in  general  raises  the 
user's  enjoyment  of  other  pleasures,  or  lessens  his  annoy- 
ance at  the  opposite.  The  experience  of  recent  campaigns 
appears  to  show  that  the  use  of  tobacco  enables  soldiers  to 
endure  greater  hardship, 

How  much  of  these  cFfccts  is  due  to  nicotin,  how 
much  to  other  factors,  we  cannot  say.  It  is  certain 
that  the  nicotin  strength  of  the  tobacco  is  not  the  deter- 
mining feature  of  this  action — rather  the  aroma.  Smoking 
in  the  dark  docs  not  give  as  nuich  enjoyment;  and  simply 
holding  an  unlighted  cigar  in  the  mouth,  the  chewing 
of  otJier  objects.  L*tc.,  give  similar,  though  mucli  weaker, 
sensations.  The  truth  would  seem  to  be  that  it  depends 
upon  a  reflex  stimulation,  from  the  mucous  membrane  of 
the  mouth,  nose.  etc..  m  which  the  nicotin  plays  a  part; 
and  with  tliis  may  be  associated  a  direct  action  of  the  nicotin 
upon  the  central  nervous  system,  at  once  stimulating  and 
dcprc^sing. 

£.  Chronic  Ififoxi^ation. — The  symptoms  from  this  are 
quite  variable,  but  may  be  briefly  stated  as:  Functionat 
arhythmia  of  the  h^art.  tUgesthf  disturbances,  depression  of 
various  parts  of  the  eentral  nervous  system,  and  neuralgias. 

The  first  symptom  to  be  noticed,  the  first  warning,  is 
occasional  paipitation,  the  pulse-rate  being  at  first  quickened 
by  depression  of  the  vagus  ganglia :  if  the  nicotin  Is  con- 
tinued, this  becomes  quite  persistent,  but  stops  upon  with- 
drawal ;  in  advanced  cases  it  ma\'  be  necessary  to  continue 
the  abstinence  as  long  as  six  months  or  more.  In  the  more 
advanced  cases,  the  pulse  may  also  be  slowed.  Arhythmia 
is  always  present  In  still  graver  cases,  the  quickening  and 
arh>thmia  may  be  extreme  and  approach  to  dcHriiim  cordis. 
Sudden  syneope  also  occurs.  Respiratory  distress  naturally 
accompanies  the  marked  cardiac  phenomena.  The  effects 
upon  the  heart  av^  functi^tuii,  not  organic.  Angina  pectoris 
is  so  rare  in  these  subjects  tiiat  it  must  be  attributed  to 
<^uscs  other  than  the  nicotin.  On  the  other  hand,  arterio' 
uierosis  appears  to  be  favored  by  it. 

The  symptoms  next  in  order  are  probably  those  arising 
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from  the  a/ff»e»(an' irarta/,  and  depending  upon  the  continued 
irritant  action  of  tlic  nicotin.  These  arc  :  Loss  of  appetite, 
then  dyspepsia  and  chronic  intestinal  catarrh,  shown  by  alter- 
nating constipation  and  diarrhea.  (On  a  moderate  smoker 
the  nicotin  seems  ratlicr  to  have  a  tendency  to  keep  tlie 
bowels  regular.)  These  conditions  lead  to  emaciation  and 
anemia.  A  direct  action  upon  the  blood  may  also  have  a 
part  in  this;  the  continued  administration  of  nicotin  to  ani- 
mals leadinj;  to  diminution  of  red  corpuscles,  and  increase 
of  leucocytes.  It  is  also  claimed  that  it  diminishes  the  oxy- 
genatinj^  power  of  hemoglobin.  The  nitrogen  excretion  is 
rather  more  diminished  than  the  assimilation,  so  that  there 
may  be  a  gain  in  body-nitrogen. 

Paralyzing  effects  upon  the  antraJ  twrvons  sysUm  become 
apparent;  these  arc  rarely  of  a  serious  nature.  The  psychic 
functions  show  a  slowness  anil  want  of  tnergy,  Anx- 
iousness  and  insomnia  arc  quite  frtqucnt.  There  is  a  gen- 
eral muscular  debilit>'.  tremors,  and  want  of  control  over 
movements.  Tlie  reflexes  are  heiglitcned.  Vertigo  and  a 
tabetic  condition  may  set  in.  There  is  then  an  increase  of 
excitabilit)*  in  the  sensory  and  pain  areas,  and  consequently 
headache  and  neuralgias;  but  the  Utter  are  in  part  due  to 
referred  pain  from  the  rardiac  disturbances.  They  arc  often 
early  and  quite  characteristic,  and  take  the  form  of  pain  and 
hypircsthtsia  in  the  precordial  region,  left  nipple,  and  ulnar 
surface  of  left  arm. 

The  special  senses,  and  especially  7'ision,  are  also  affected. 
The  latter  liecomes  dim  and  the  accommodation  fault)'; 
miosis  is  frequent.  Tlicse  conditions  are  at  first  readily 
removed  by  withdrawal,  but  in  advanced  ca.ses  they  nuy 
lead  to  an  atrophy  of  the  optic  nerve. 

Transitory  aphasia  is  also  an  occasional  phenomenon,  dfid 
so  is  transitory  albuminuria,  the  latter  due  to  irritation  of 
the  kidneys  by  the  excreted  nicotin. 

Of  other  effects  which  have  been  attributed  to  nicotin, 
but  with  insufficient  cause,  may  be  mentioned,  impotence, 
epilciwy,  aiui  insanity. 

J.  Treatment. — It  will  be  seen  that  the  catalogue  of  inju- 
rious actions  to  be  charged  against  tlie  abuse  of  this  driig 
is  sufficiently  large ;  but  on  the  other  hand,  it  must  be  noted 
that  these  are  absent  with  moderate  use,  and  can  be  abol- 
ished if  the  use  of  the  drug  is  promptly  limited  on  their  first 
appearance.     Actual   withdrawal  is  not  always  necessary. 


I 
I 
1 


TOBACCO. 


2S9 


imitation  in  quantity,  the  use  of  tobacco  poor  in  nicotin, 
^sufficient  expectoration,  aiul  tlic  avoidance  of  deep  inhala- 
tion of  the  smoke,  are  often  sufficient.  Quick  tutal  with- 
drawal does  not  lead  to  abstinence  symptoms,  as  with  mor- 
phin  (except  possibly  in  some  especially  neurotic  subjects), 
although  it  may  disturb  the  function  of  the  bowels  for  a  few 
day^.  The  principal  point  in  the  treatment  is  to  keep  the 
thought  of  the  patient  nff  the  ttipic  of  tobacco,  and  to  sup- 
ply the  accustomed  stimulus  to  the  moutli  in  some  other 
manner,  as  by  chewing  ginger  or  gentian. 

The  use  of  tobacco  must,  of  course,  bo  avoided  in  patho- 
logic conditions  in  which  there  are  s[)ccial  contraindications 
to  it — in  heart  disease,  dyspepsia,  iiillammation  of  the  respir- 
ator)' tract,  etc. 

T«b«cumtU  S.  I' )  (Tob«cci>i.^"Thc  comraerci*!  dried  Icbtcs  of  Nico- 
buia  TaluituiD,  Liuii^,  {N.  O.  Sulaiiacetc).*'  Au  iIiiiiubI  plant,  pmlialily  in- 
rli^rivHiit  in  tniptcal  Amrhui,  and  no«r  cultivated  in  matt  paii>  uf  the  world. 
I'ht.  nniiuiil  i>r>Kiucii>in  i>f  the  world  is  cuiinftted  At  a  niillimi  ton-s  (1,000,000,- 
000  kiliiETttniM.  Othrr  oiK-cics  hIm.!  contniii  llie  nicutin.  The  plant  wfts  iiiUo- 
(liKol  iiiio  Hufufic  thi^rtly  after  ilic  discovery  of  Aiitertca.  Its  use  by  Mtiokiug 
.WAi  pTncXi>f<\  hy  ih«*  nftiivf*  ai  the  tinif  of  CMumhiifi. 

'ITw  iiiifjtHtaiil  cui)>t)tiieut.>  are  nicolin,  which  is  also  iire»ent  to  a  iesa  ex- 
tm  in  nil  nihirr jMrt*  of  llir  |>Unt,  and  ft  rotntilc  nil  dcmoftcd  in  drying  and 
•  <.we«iin(i."  The  jie-rcfntiige  »>f  nicoiin  vftri*-*  bctwrm  »ne  and  *ight  per 
n(.:  Ill  H4vana  and  Murylund,  1-5  to  3;  Virginia  aitd  Kentucky,  6  to  8  ] 
nnth  Amrrica,  3  tn  6 ;  (tertna.ny,  1.5  lo  j.  Three  other  olkaloidn  have  also 
en  announced  to  eKi!«(  in  «nuill  nmi'iuni  in  lohacco. 

rbc  ctiltlVAtiini  1.-4  tglnwvo  ie'^uire->  11  Krcnl  deal  of  care.      Tlie  pluntt  nre 

-^t  grown  in  ^ed  be<!!<,  and   latct   I^m>|>l.tlllt^<l  into  livid.'*       'Inly  parliciilar 

"■■I  sod  con<litinnf  wdi  Rive  grt<«i  ixbarcn,  ond  even  itit-  ft-niliwr*  miiM 

selected,  «noe  they  will  have  an  effect  upon  the  anh.      'Ihe  \-anely 

>-.cit  tlepcnds  largely  njxiit  ibe   «>il;  a  liglil  'iaiwiy  xiil  giving;  Ihit), 

{•nrcnliired  wnp|)er  |pav<>&.  and  a  heavy  rk-h  clay  giving/  dark,  thick  lillen.. 

Elul  often  wrapper*  and  lillcrs  are  taken  fmm  iho  :uini(^  plant.     The  planl'4  are 

r**  tojipcd  ■  *   40  as  not  to  |>roduce  seed,  and  when  the  leaves  are  ri|» — ;".  /., 

Iwben  thry  begin  lo  change  color,  become  s^Hiiipd  and  break  exMty — Ibey  ore 

CDi.     The*e  fresh  leaves  are  practically  odortcs*,  the  odor  becoming  develojied 

in   «iUin(;.  and  csjMriially  hy  fenn<-ntalion  llinnigh  fn/ynirs       The  htthi<l»nrr'< 

■■fi..4i  invi-  Hw  lo  the  ethereal  oil*  arc  little  known — they  appear  tn  Iw  nf  the 

uci»id«.     And  these  oil*  ibemNelvcs  arc  present  in  only  vcr^  small 

too  kg.  of  Rrsuilisn   tobacco  having  yielded   only  a^H>»l   20  (^m. 

iiremc  ihlutiuti  doe.>.  not  dntruy  ilteir  arnma.     The  quantity  of  these  oils 

ne«  often,  but  not  always,  with  the  nicotin -conlenL 

The  development  of  atotna  is  not  the  only  »ti-p  nccc.<uary  in  the  prrjiara- 
»o  ;  it  rt  qtiitc  essential  to  dettroy  •mtiMances  present  in  the  leaves — mainly 
*of  pnMeid  and  fatty  nature — whicli  would  give  the  smoke  a  very  unpleasant 
odof.      Th«  1*  diMic    by   "curing."     Curinj;    is  nls<j  a  fcrmcntaliiin,   having 
ii>  .liitii  <  ii,<-  (li-^ifiiiiioii  of  il»ew  proicid  ^uhjutaiiccs  hy  Iiaclerial  aclinn.     It 
1'i.illy  by  piling  the  tobacco  in  a  wunn.  tnoisi  place  lo 
I      !.ivorabte  tn  tiie  action  of  the  bacteria.      It  a  often  aided 
:  ,:  ibr  leaves  into  Miccharinc  solutinnfl  (inoIaMcs,  cider,  etc.)-     These 
.  liiktired  (**  pititrntg"  )  with  aiii»e,  cinnanion,  etc.     Hut  few  lubaccoA, 
BUirally  poor  in  proteids,  inch  as  some  Havaiu  and  Asiatic  varieties,  am  be 
»9 
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used  without  this  curing,  which  i*  an  undesirable  feature,  since  some  of  the 
uuuia  Olid  nicoliii  tic  uImiIu^i  in  ihe  pniL-riMi — thr  iiinrr.  i\k  Longer  it  is  earned 
on.  Tu  resiure  this,  the  leaves  ore  sometimes  tHMked  in  infuunns  nf  lobatxo 
Items,  etc. 

The  cuted  ti>l»ccu  faxs  unly  u  sEifjhl  ihIut  ;  ihc  rtral  aioma  isi  brought  out  in 
the  "swenting" — a  Inlcrfcnneiilutiuii,  lakint;  place  also  in  stored  tobacco.  In 
this  prucess  mic-fuurth  tu  uiic-tliinl  u(  the  nieuLiii  di;ai[>pcnT». 

No  preparations  of  tobacco  except  the  dried  leases  are  oflicial ;  if  used,  an 
iafusion  may  be  mode. 


(H)  MINOR  MEMBERS  OF  THE  SERIES. 

I    CONIUM. 

I.  Composition. — Conium  (Water-hemlock)  contains  a 
nufftScr  of  alkaloids  : 

Coniin,  C^H,.N  Mttliyl-coniiiv.  C,H,jN.  CH, 

Coniceiii^  C^Hj^N        Conhydrin  C^Hj^NO. 
Tliey  dt^er  only  in  the  strength  of  their  action. 

The  cotiimrriLrial  cnniin  conMsl-i  of  a  mixlnrr  of  the  iiImjvc,  and  ai  this  atone 
has  been  cmpUijcd  on  man,  the  foElowing  remarks  apply  lo  thin  mixture.  A» 
these  ulkoloids  dccompuae  very  rapidly,  Qie  coouncrcial  prepamions  are  often 
entirely  inactive. 

II.  Summary  of  Actions.— Coniin  bears  a  very  close 
restmblaucc  to  nicotin  in  its  physical  nnd  chcniic  characters, 
in  its  cunn>t>siticiii  and  actions.  The  Litter  differ  in  a  more 
pronounced  paralysis  of  the  central  ner\'ous  s>  stem  and  of 
tlie  endings  in  stri[jed  muscle.  For  chemic  structure  sec 
page  152, 

(The  niothcr-substance.  piperidin,  has  a  similar  but 
weaker  action.) 

III.  Details  of  Action.  —  1.  Peripheral  Organs. — It 
stands  here  tiiiiKva\  between  curare  and  nicntin  (sec  p.  2S3). 
paralyzing  both  motor  endings  and  ganglia,  and  forming 
with  the  other  members  a  scries  running: 


Action  on  motor  endings  predominates ; 


'I-  CuiT»re 
Coniin 
Gelseminin 
Spartcin 
Nicotin. 


Action  on  ganglia  predominates  : 


Its  action  on  the  pupil,  heait,  blood- vessels,  circulation, 
alimentary  canal,  glands,  etc.,  is  precisely  as  in  nicotin,  only 
weaker. 
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The  muscle  substance  is  not  afTcctcd.     Applied  directly 
'to  the  skin  it  diminishes  sensation. 

2.  In  its  action  upon  tlic  central  nervous  system,  the 
resemblance  is  also  very  great,  but  the  stimulation  is  still 
less,  and  the  dcpnssion  is  so  strong  that  it  forms  the  most 
prominent  feature  of  poisoning  in  man.  Conscwusuess  is 
little  or  not  at  all  afiected,  the  main  sj-mptonis  referring  to 
the  motor  system,  and  these  aie  very  ciiaractcristic.  The 
paralysis  is  ascemiing;  beginning  with  the  lower  extremities, 
and  finally  reaching  the  tott^n\  so  that  tlie  patient  may  be 
unable  to  speak  whilst  his  intellect  is  not  yet  disturbed. 

Thb  a^cefHlin^  pantlvM^  Iias  bceit  explnincd  by  n  towered  (omiuihi-ity  of 
the  cunl  lu  iinpnlack  Cuming  from  (iie  bniin,  chc  pHtli  bciiig  blucked  nt  first 
only  lo  lhf**e  impulses  which  havt  a  long  way  ta  travel. 

Tile  excitability  of  the  cord  is  not  decreased,  however,  so 
that  cottvttisions  may  appear.  These  can  occur  only  in 
mammals,  since  the  curare  action  is  an  early  feature  in  the 
frog  ;  and  this  undoubtedly  plays  its  part  also  in  the  paral- 
ysis in  man. 

Depmsiou  of  the  medullary  centers  is  also  a  prominent 
ature,  and  death  occurs  by  paralysis  0/  respiration.     This 
also  due  in  part  to  the  curare  action. 
IV,  Toxicology. — Coniin  is  mttch  less  toxic  than  nicotin  ; 
^85  mg.  d'>  not  produce  as  violent  symptoms  as  4  mg.  of  the 
atter;  but  this  may  be  partly  due  to  the  fact  that  the  pure 
]kaloid  was  not  einployctl.      The  symptoms  arc  verj-  ehar- 
icteristic,  and  the>'  have  been  so  well  described   in  Plato's 
classic  rendering    of  the  death    of  Socrates,  that  no  diffi- 
culty is  experienced  in  recognizing  the  sub.stance  used  in 
the  poisoning  of  this  philosopher.      The  description  is  so 
accurate    that    it   may    well   serve    to   represent  the   usual 
symptoms. 

Af<trr  drinking  th«  pubun,   "  He  [Sucnil»]  went  Kboal,  uid  as  he  noticed 

■I  hi«  ihifihi  ttccame  hetiTy,  he  laid  down  on  his  hnck.  as  ihe  man  directed. 

he  liiict  — (he  utie  who  lud  |i^v«n  him  \.\\c  poison — touched  him  from  lime  lo 

gtiie,  and  itivriogotvit  hi>  feel  and  thighs.     Then  he  prcsMrd  hi<>  fot>t  strongly,  end 

•krd  whethrr  he  cutiUl  feel  il :  he  anjiwered,  No.     Tlicn  he  tried  the  knees, 

ad  HI  went  ht|;)ier  and  higher,  and  showed  u»  how  he  gradually  became  cold 

td  tiifT      Then  he   louchnl  him  once  moic,  and  said,  when   it  came  to  ihe 

rt,  ihrn  he  woidd  be  dead.  Now  almost  everything  from  (he  ahdnmen  down 

■•  cuUi."  and  ScKnite^  then  4poke  his  last  words  lo  his  frientU,  hut  wasun- 

ble  to  a»»wer  further  qucsliom.      lie  had  a  short  sipasni  and  wa>defld. 

From   the  quick   action,    it   is  supposed  that    he   must 
»vc  been  given  the  expressed  juice  of  the  root,  and  it  is 
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very  probable  tliat  the  Greeks  commonly  used  their  poisons 
in  this  form. 

Coniiii  may  be  recognized  by  its  characteristic  narcotic 
odor.  I, ike  nicotin,  it  is  liquid,  colorless,  becoming  brown 
in  air.  The  tt^st  consists  in  the  curare  action  on  injection 
in  the  frog.  The  chemic  reactions  are  of  little  value,  since 
they  resemble  nicotin  very  closely,  and  are  given  by  a 
ptomain. 

2.  LOBELIN. 

Lobclin.  the  alkaloid  of  Lobelia  inflata,  has  an  action 
essentially  the  same  as  nicotin  in  so  far  as  it  has  been 
studied. 

Small  doses  stimulate,  large  doses  paralyze,  the  respira- 
tory center.  The  vagus  endings  in  broiti:hial  muscle  arc 
also  depressed. 

Anat^rris  fatiJn,  a  leguminous  pinnt  indigenoM  to  the  shores  of  ihe 
Mnlitenaacati,  and  Lberc  UMrd  as  a  <>ub«ti(utc  for  aeoMf  coMaiii»  nii  iilknioiij, 
snagyrjn,   wbtwe  phamuicolafpc  actions    rcKraible  Ihone  of  tobclin   in  many 

ffSpcClS. 

3.  GELSKMININ. 

Gelsemtnin,  the  active  alkaloid  of  gclsemium,  produces 
effects  in  genera/  almosl  iiieudcai  with  those  of  conitn  (sec 
p.  290).  Its  def*ressing  action  on  the  central  nervous  system 
is  more  marked  than  that  of  the  latter,  so  that  tlie  central 
paralysis  precedes  the  peripheral  even  in  frogs. 

It  lias  a  ver>'  decided  mydriatic  effect  ujjon  the  pupil, 
especially  on  local  application.  This  is  believed  by  some 
to  be  due  to  ])aralysis  of  the  oculomotor  endings  after  the 
manner  of  atropin  ;  but  the  question  cannot  be  considered 
as  definitely  settled.  The  mydriasis  lasts  from  twelve  to 
seventeen  hours. 

{Ge/seinin,  another  alkaJoid.  has  an  extremely  weak 
strj'chnin  action.  The  commercial  '*  Gclscmin  "  is  a  mix- 
ture of  both  alkaloids,  owing  its  activity  to  Gelseminin.) 


4.  SPARTEIN. 

The  last  member  of  this  scries  is  spartein.  a  liquid,  oxy- 
gen-frcc  alkaloid  existing  with  a  neutral  principle,  scoparin. 
in  the  broom  plant. 

Spartein,  while  showing  a  cln*ie  general  resemblance  to 
coniin,  presents  some  important  differences: 

The  central  actions  are  tveetker,  the  peripheral  stronger. 


raoSTEGMINT 
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In  the  httirt  it  appears  to  act  on  the  muscle  also,  making  it 
slijwer  and  weaker  (tt  cannot,  therefore,  be  classed  witli 
digitali-s.  as  is  sometimes  done ;  for  the  latter,  although  it 
slows  the  iieart,  strcngtliens  the  contractions).  The  biood 
f^issure  is  Hsually  Imvtred  when  tlie  drug  is  taken  by  the 
mouth,  since  tlie  depression  of  the  heart  is  more  than  the 
constriction  of  the  vessels  which  it  also  produces. 

The  diuretic  action  of  brouni-top  is  nut  due  to  the  spar- 
tcin,  but  to  the  scopann,  and  will  be  discussed  later. 


(I)  PHYSOSTIGMIN  (ESERIN). 


^^^^^B^Hhould  probably  be  piftccd  with  muscarJn.  as  stimulatiug  precisely 

^^^^^^^^Hjluret  which  arc  paralv'zcd  by  alropm  :  l1ie  nerve  ciKling>  in  ccrtAin 

^^^V^HJ^tltil   n.«  antofjorhsra   to  ittmpin  U  much  more  ca«ipl«le,  and  it  starlit 

the    hcftil    after  limscnriii ;    also,   il  nils  on   striped  muscle;   «o  that  wc   are 

almoftt  forced  to  accept  in  adiUtioii  Mime  direct  stimulatiou  of  ihc  muKle  or 

f  iMid  cells  themselves. 


» 


I.  SUMMARY  OF  ACTIONS. 

1.  Stimulation    of    endings   and     cells    of  rdl    muscles, 
stnpcd.  unstripcd,  and  cardiac;  and  of  certain  glands. 

2.  Paralysis  of  the  central  nervous  system. 


^P      I.  Striped  Muscle. — In  manmials  these  exhibit  peculiar 
fit>ritlar   contractions,  persisting    after   the   section   of   the 
nerve.     They  arc  diminished,  but  not  abolisiicd,  by  mod- 
erate doses  of  curare,  showing  that  the  stimulation   resides 
only  partly  in  the  endings ;  and  the  view  that  the  muscle- 
filxir  is  stimulated  in  part  directly  is  also  supported  by  the 
lact  that  its  working  power  and   irritabilitv  are  increased. 
1^      2.   The  contraction  of  the  cardiac  IDUSCle  is  slowed  but 
^■strengthened  (Fig.  56,  A).     This  slowing  occurs  even  after 
^Batropin,  showing  that  it«!  cause  is  at  least  largely  indeprn- 
^1  dent  of  the  vagus.     The  amplitude  is  first  increased,  then 
^■diminished.     Strong  doses  cause  systolic  standstill  of  the 
^■frog's  heart     The  Idood pressure  rises  at  first;  this  rise  de- 
pends only  in  small  part  upon  the  strengthened  heart,  since 
^K  tliis  is  largely  counteracteti  by  the  slowing.     Nor  is  it  due 
^Bto  stimulation  of  the  vasomotor  cetitcr.  direct  or  reflexly 
^Bthrough  convulsions,  since  it  occurs  in  curarized  or  chloral- 
^■izcd  animals.      Its  cause  lies  in  the  direct  peripheral  stimu' 
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iation  of  the  artcria!  muscle,  aided  by  the  inoient  peristalsis. 
The  rise  of  blood  pressure  is  fuUowed  by  a  fall  due  to 
paralysis  of  the  vasomotor  center  (Fig.  56.  B\  On  account 
of  its  action  on  the  cardiac  muscle,  physostigmln  will  start 
the  iVofj's  heart  which  has  been  stopped  by  niuscarin  ;  and 
this  can  now  be  stopped  <inly  b)'  poisons  which  directly 
depress  the  cardiac  muscle,  such  as  copper  salts  or  apo- 
morphin. 

3.  By  stimulation  of  the  unstriped  nitiscl6  it  causes  vio- 
lent peristalsis,^  vomiting,  and  unntraction  of  blatidcr,  spleen, 
uterus,  arterioles,  and  bronchial  muscles. 

4.  Upon  the  €ye  its  action  resembles  that  of  muscarin, 
except  that  it  antagonizes  atropin  much  more  completely. 
It  cau.scs  contraction  of  the  pupil  and  spasm  nf  accommo- 
dation, and  as  a  consequence  of  the  miosis  there  occurs  a 


/W^ 


wvvy 


Fig.  56. — Itiysostigrain  (»fter  atropin,  «*.  The  action  tiegins  at  X-  -^. 
Cardiomyogram.  >cluf>.  UpNtrokc  i»  systole.  Shuwn  .itimulutiun  of  mu»cle 
by  utrenglhening  and  slowing.  A,  Cnmlid  pTP^xurp,  dog.  Shows  first  Tato- 
rooior  ;«irnlyMs  by  fall  uf  presMire.  then  slowing  anif  strengthening  by  actioo 
un  i'»nli&€  mu^^cle.     Thit>  egnin  hrinjjs  up  tlie  pr<'!vsuri- . 


marked  fall  of  intraocidar  pressure.  Since  the  radia!  mu.scle 
is  stimulated  as  well  as  the  sphincter,  the  contraction  is  not  so 
complete  as  with  muscarin.  The  action  consists  mainly  in 
a  stimulation  of  the  oculomotor  endings,  for  it  docs  not  act 
after  all  the  ner\e  endings  have  been  degenerated  by  section 
of  the  nerves.  There  also  seems  to  be  stimulation  of  tlie 
oculomotor  center.  Atropjji  widens  the  pupils  somewhat 
after  physostigmin -constriction.* 

5.  The  glands,  e^perinllythe  «a1ivAry,  mitcou*,  tachi^'mal,  nnH  ^weat-glarvd^i, 
are  ^Umulnled  by  physostigmin  :  atid  »incc  it  acts  piutnpily  after  aUopin,  \\% 

^  Its  direct  application  causes  localized  contraction  rings,  mi  thai  lU  action 
appears  In  he  largely  miutcular. 

*  We  havf  cx^casionally  wpi-n.  a  dilatation  of  the  pupil  in  frogs'  eyes  placed 
in  phywfitiginin  solation.  but  have  not  determired  the  cause  of  this  abnonnal 
action.  It  does  not  seem  to  lie  in  the  K>lution,  for  the  same  aolution  contracted 
nthet  pupils.  _ 
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■cdnn  bcfc,  as  elsewTirrc,  u  probably  partly  nn  the  gland-cells  themwlTex. 
The  iacTcose  of  scciccion  is.  however,  not  nearly  so  markeil  as  with  the  other 
tneiubcn  of  llic  seni:*,  since  it  is  (OHHleracteti  by  the  tottilf  u/ii*n  of  tht  biood' 

6.  On  the  central  nervous  system,  its  action  is  tepidly 
paralyzing,  bcgiunin^.  ;it  least  in  man.  in  the  imvcr  pi»ftwns, 
so  that  lOHSciousfU'ss  is  ptrsi-rved  to  the  end.  There  is  a  pri- 
mary stimulation,— excitement,  etc., — but  this  has  Ixrcn  con- 
sidered as  secondary  to  nspiratoiy  parnhsis.  Dyspnea  is  a 
marked  symptom,  due  to  paralysis  of  the  respiratory  center 
and  spasm  of  the  bronchial  muscles.  Asphyxia  fomis  the 
canst'  of  dtuUfi. 

Ill    TOXICOLOGY. 

The  symptoms  are  readily  explained  by  its  actions. 
There  arc  nause.i.  vomiting,  and  diarrhea ;  salivatinn.  lachry- 
mation,  and  sweating;  palpitation  \v\\.\\  slowed  pulse;  mio- 
sis ;  excitement  and  dyspnea ;  weakness  with  muscular 
twitchings ;  convulsions.  Death  by  paralysis  of  respira- 
tion under  general  collapse,  the  reflexes  persisting  to  the 
end. 

Treatment. — General  alkaloidal.  Physiologic  antidote  : 
atropin  and  slr\xhnin. 

J^ovf. — Its  physiologic  action  upon  the  eye  is  among  the 
most  characteristic. 

As  physostigmin  is  vcr)'  readily  decomposed  by  light 
(solutions  acquiring  a  reddish  color  and  losing  much  of  their 
acti\.ity).  its  search  must  he  conducted,  as  far  as  possible,  in 
the  dark,  and  the  employment  of  heat  should  also  be 
minimized. 

(K)  R^SUM^  OF  THE  SERIES. 
I.  MKTHODS  OF  STUDYING. 

I.  General  Remarks. — A  parahsis  in  localized  by  stimu- 
lating above  and  below;  the  latter  is  effective,  the  former  is 
noL 

A  s/imtt/a/io/t  is  locah'zed  by  paralyzing  above  and  below; 
the  bitter  .-itops  it.  the  former  dries  not 

It  must  be  remembered  that  a  slight  degree  of  paralysis 
may  be  overcome  by  a  strong  stimulation  ;  also,  tliat  a  paral- 
V-tis  ahave  a  stimulation  may  appear  to  lessen  the  hitter,  if 
it  has  been  previously  supported  by  normal  central  tonic 
impoUcs. 
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2.  Particulars. — Stimulation  or  paralysis  may  be  done 
(i)  electrically  or  by  section. 

{Cardiac  vagus :  trunk,  postganglionic  (siniu). 
Cardiac  accelerator :  trunk. 
Cardiac  muscle. 

!  Oculomotor  (preganglionic). 
Oculomotor  and  short  ciliary  (postganglionic). 
Cervical  sympathetic  (preganglionic). 
Cervical  sympathetic  and  long  ciliary  (postganglionic). 
Muscular  libers. 

!  Chorda  tympani  end  cervical  sympathetic  (pr^ang* 
Hilus  (postganglionic). 
Cells. 

2.  Drugs  (in  appropriate  doses). 

1  Cells  :  Apomorphin,  coppor. 
Nerve  endings :  atropin. 
Nerve^anglia :  coniin. 

i  Cells :  Physostigmin. 
Nerve  endings :  Muscarin. 
Nerve-ganglia :  Kicotin. 

It  must  be  remembered  that  the  action  of  the  different 
members  is  not  marked  off  absolutely  sharply.  They  all 
stimulate  and  then  paralyze,  and  they  all  affect  every  jK)r- 
tion  of  the  nervc-ganglion-ending-cell  chain. 


II.    MAIN   PERIPHERAL   ACTIONS   OF   DIFFERENT   MEMBERS 
OF  SERIES. 

Atropin :  Paraly.sis  of  endings  in  glands  and  unstriped 
mu.sclc.  Strong  solutions  :  Stimulation,  then  paralysis,  of 
muscle-fibers. 

Muscarin:  Stimulation  of  endings  in  glands  and  unstriped 
muscle. 

Physostiginin  :  Stimulation  of  endings  and  cells. 

Pilocarpi n :  Long  stinitilation  of  ganglia  and  endings, 
followed   by  very  late  paralysis, 

Ntcotin,  Gclscmiuin,  Lohclin,  Spartcin :  Long  stimulation 
of  ganglia,  followed  more  quickly  by  paralysis. 

Curarin,  Coniin :  Paralysis  of  ganglia  (and  muscle-nerve 
endings). 

III.   ACTION*  ON  PARTICULAR  ORGANS. 

I.  Heart:  Vagus  Mechanism. — (a)Oans:lia:  Nkotin^ 

pilocarpine  lobclin,  gclscminin,  and  spartcin  produce  stimu- 
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Inbon   followed  by  paralysis.      Curarin,  cattiitt,  and  cocain 
produce  almost  pure  paralysis. 

(b)  Postganglionic  Fibers  (Endings  of  Vagus) :  Stimu- 
lated by  muscat  in  { pilocarf'in.  /^hysosti^^mtn),  thyrouiitt, 
[sodium  phosphate,  digitalis,  etc.].  Paralyzed  hy  iUropm, 
sodium  iotiui. 

(c)  Muscle-fiber :  Stimulated,  then  paralyzed,  by  atropin  ; 
almost  pure  stimulation  hy  physostigimn  (vcratrin,  digitalis, 
camphor,  ctcj ;  almo-st  pure  paralysis  by  apomorphin  or 
copper  salt. 

1.  Pupils. — (a)  Stimulation  of  Dilator  (Sympathetic) 
Endings  and  Oanjirlia  :   dvaiti. 

(b)  Paralysis  of  Constrictor  (Oculomotor)  Endings: 
Atropin  {^^t/ittfiinin  ?). 

(c)  Stimulation  of  Constrictor  (Oculomotor)  Endings: 
P/iysosfigmift,  ifiuscarin. 

The  other  members  ai  the  series  may  act  uj«>n  either 
mechanism. 

3,  Glands. — (a)  Ganglia  :  Stimulated,  then  jiai-alyzed,  by 
pilocarpin  and  nicotin.  In  case  of  former,  paralysis  comes 
very  late. 

(b)  Endings :  Stimulated  by  muscarin.  pilocarpin,  phy- 
sostigmm.      Paralyzed  by  atropin. 

IV.    EFFECT  OF  MODERATE  DOSES  UPON  : 

Blood  pressure. 

.*\tro[>in  :   Rise,  mainly  through  vagus  paralysis. 

Nicotin,  Pilocarpin  :  Rise  with  slowing.  Former  mainly 
stimulation  of  vasomotor  ganj^lia.  latter  of  vagus. 
Ijiter  quickening;  with  further  rise,  then  fall. 

Curare,  Conium  :  Mainly  fall  through  vasomotor  paral- 
ysis— both  central  and  peripheral. 

Ph\sosti(.;min  :  First  rise,  but  mainly  fall  through  paral- 
ysis of  central  nervous  system. 
3.  Heart-rate. 

Atropin,  Curarin,  Coniin :  Quickens. 

Pilocarpin,  Nicotin  :  First  slowed,  then  qtiickcned. 

Phvs<istigmin  :  Slowed. 

3.  Pupil. 

^     Dilated  :  Atropin.  cocain.  gelseminin,  nicotin.  coniin. 
Constricted  :   Mui»carin,  piiysosli^min,  pilocarpin. 

4.  Peristalsis. 
/Vrrcsted  by  atropin,  quickened  by  all  the  others. 
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(L)  THERAPEUTICS  OF  PILOCARPIN  SERIES. 

Of  the  ftcticutti  of  IhH  scries,  Ibe  ixrriplieral  rffects  ui  pilofnrpin  »re  almost 
the  unly  ants  which  attain  In  a  practical  imponnnce.  Nicotin,  ils  well  as  ihe 
olher  DiemberK.  possesses  few,  if  any,  adruilagts  over  il,  acd  011  the  ulher 
hnml,  »  nnmlxrr  uf  ^ker  unjenrtd  and  more  or  less  finlenl  attiimi,  CH|>rciiUly 
the  deptvsMon  of  the  central  nervnus  system,  the  irritant  action  on  the  alitnen- 
liuy  caiui.  ud  th«  cardiac  dbturbancci.  'I'hcsc  arc  much  le!«  marked  in  the 
case  rf  pikxnrpin,  ao  ihnt  ihcy  may  be  entirely  avoided  in  urdinar)-  do»e». 
But  il  ba5  been  attempted  10  use  some  of  tllie  sfifaal  actions  q\  the  others : 

Z.  Coniin  has  a  depressant  actir)n  on  the  central  nervous 
system  and  a  curare  effect  upon  muscle.  This  would  jus- 
tify its  employment  in  spasmodic comiitiotts,  such  as  strychnin- 
p<iisoning  or  any  other  tetanus,  in  cliorea,  whooping-cough, 
torticollis,  etc.  It  would  possess  the  advantage  over  curare 
that  it  acts  on  the  scat  of  the  disease — centrally — as  well  as 
peripherally.  Its  tiscfulncss  is  niucli  lessened  by  Uie  uncer- 
tain strength  and  action  of  its  preparations,  due  to  their 
ready  dcconip<i;<iti<)n, 

3.  Lobelia  has  been  used  as  an  emetic,  but  it  possesses 
no  advantage  over  apomorphiii  or  einetjn,  is  more  depres- 
sant, unrvliable,  and  il  vomiting  does  not  occur,  it  produces 
ver\'  violent  symptoms,  llie  prei>arations  also  vary  much 
in  strcn^^th. 

3.  Gelsemium  is  used  both  locally  and  internally  as  a 
mydriatic,  but  is  inferior  to  atropiii. 

4.  Spartein  has  often  been  tried  to  raise  the  work  of  the 
luart  and  produce  moderate  slowing.       It  does  the  latter, 

It  not  the  fonncr,  according  to  experimental  and  the  bulk 
clinical  evidence ;  it  is  therefore  of  no  value  in  heart  dis- 
ease, or.  at  most,  only  in  tlie  same  cases  as  aconite.  Doses 
»>f  0.01  Gm.  (^  K™")  ^^^  specific  in  some  cases  of  asthma. 
The  broom  plant  contains  another  principle,  scofiarin.  which 
makes  it  of  value  as  a  diuretic  in  fevers,  etc.  Tliis  wilt  be 
considered  later. 

5.  Physostigmin  has  been  tried  as  a  nen'oits  depnssant 
in  cpilt-'psy,  chorea,  tetanus,  etc,  The  results  have  not  been 
satisfactop,-.  perhaps  because  a  sufficient  dose  cannot  be 
given  without  bringing  on  respiratory  disorder. 

Its  peripheral  actions — sweat.  perisUi/sis,  etc. — also  can- 
not be  obtained  sufficiently  pure  on  systemic  administra- 
tion, so  tliat  pilocarpin  is  preferred  t'»  it.  It  has  been  given 
in  atony  of  the  intestine,  but  is  danjjcrous. 

Its  usefulness  is  therefore  limited  to  ophthalmolos^lc 
practice. 
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The  Itnucring  of  intraocular  pressure  makes  it  the  remedy 
in  glaucoma ;  and  the  miosis  is  used  in  alternation  with 
atropin  to  break  up  oilhcsiom  of  the  iris  to  tfw  lens — a  con- 
dition now  generally  treated  by  operation,  however.  It  may 
be  used  to  counterucl  the  paralysis  of  accommotiation  follmv* 
ing  olrofitH. 

It  i*  used  for  it5  rffect*  on  llie  ejrtf  looilly  m  i%  wlufian  f  of  the  salicjlfttc). 
Tlir  mio^U  lir{{in<>  in  ttvtf  to  BfKtfii  miniilt?*,  reaches  it*  maximiiin  in  Itnlf  kd 
hour,  nnd  pns5«<i  off  fur  ihe  most  pan  iu  an  hour,  Uit  Uttle  cflinrt  remaining  nfifr 
IhU  time.  'I'be  cfTcct  upon  occumnuMlatiun  twgiiu  soinewliat  later  oiitl  U  mure 
Iniiling. 

6.  With  pilocarpin  the  stimulation  of  ilu  saHifary  and 
stccat  glands  is  the  mo.st  prominent  and  among  the  earliest 
actions,  so  that  it  ma)*  be  obtained  almost  Jree  from  any  of 
the  other  effects.  The  alkaloid  is  to  be  preferred.  The 
preparation.s  of  the  crude  drug  lie  longer  in  the  alimentarj' 
canal  and  have  therefore  more  oppoitunity  to  exert  the 
objectionable  action  here.  And,  further,  the  jaborin  may 
very  largely  neutralize  the  pilocarpin  in  many  samples. 

The  inCTcasci]  secretion  Itfadsfimt  to  a  rfmai-ai cf  ttt/uiJimm  the  bo<Iy,  aiwl 
with  tliis,  of  n>i/>/r  anJ  (p.xu  frMiucd  uf  all  kiutU.  'llic  furiiicr  indicntn  il 
in  ttll  ctmditiuns  when;  tl>crc  ia  an  atcumutttiivn  offiuui^  c>[)cctfllly  when  of 
renal  urigin  ;  in  dropsy,  cflTusiun  into  relina  («  braiu,  etc.  It  iiot  only  reino«t* 
the  ncxtiniulAtcd  Huid,  hut  alsu  rr/iW-cj  ihc  hdneyi  uf  a  [inrt  uf  llieir  wotk. 
The  removal  of  fluid  pressing  iii»n  the  veins,  etc.,  leads  to  an  imprtnt^mt  in 
ihf  ^fueral drcHliilioH,  and  lhu5  rcmuvc*  also  ihc  congestion  of  the  kidneys; 
in  curucqucnce — and  not  tiy  any  direct  action — the  ^uiindly  ef  urint  »  io- 
creaaed.  Xvs  mnin  indtfulion  in  dropsy,  then,  is  in  that  of  remil  origin,  not 
nearly  so  much  when  the  disease  is  cardiac  :  fur  here  its  tendency  to  depreMiuo 
of  the  heart  and  circulation  in  general  vitiates  its  beneficial  cflectK. 

The  removal  of  toxic  products  from  the  body  makes  it 
useful  in  uremia,  in  chronic  opium-poisoning,  etc. 

So  much  for  its  eficcts  upon  secretion  as  a  whole. 

The  increases  in  sweat.  saHva,  mucus  (and  milk),  are 
in  particular  utilized  practically.  For  its  use  as  a  sujlorific 
see  below.  The  increased  action  of  tlic  rwcat  glands  brings 
with  it  an  increased  circulation  in  the  skin,  and  this 
secondarily  increases  the  grozvtli  of  the  hair,  and,  it  is 
claimed,  also  turns  it  to  a  darker  color.  It  may  be  used  for 
the  fonner  purpose.      Its  sialogog^ue  action  >  is  employed 

1  Sialogogue»  (mcakures  whii-h  incrcujte  flow  uf  saliva)  tnay  be  divided,  ac* 
cording  to  ihc-ir  artion,  intn  : 
(a)  Ttni'ie  which  Mmnihitr  the  nervous  mechanism  of  the  lallvary  glaotbdireclly : 

I'il'tcatpin,  phv-><«>ii|£iiiin>  etc. 
(i)  Those  which  :>lim\il»ie  the  nervous  merhnni^m  of  (he  salivary  glands  le- 
flexly :  Acids  upid  •'ui>siance5.  ittcuhul.  In  <«al  iriilants  |  luiponinsi.  natucauU 
[e)  'lluue  which  imtatc  the  gloud  celU  :   Mercury,  jodids,  i|>ecac,  etc. 
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l^ainst  poisons  which  suppress  this  secretion,  as  those 
of  the  atmjHn  group  and  ccitain  meat-poisons.  The  in- 
creased secretion  of  mucus  makes  it  useful  Jn  all  cases  o{  dry 
^Lfougk  (see  Chap.  XXIII.  C),  and  this  action  is  aided  by  its 
"nauscant  properties.  It  may  also  result  in  h^oscning  false 
membrane  in  croupuus  conditions,  and  be  the  means  of  saving 
life.  This  liquefying  action  on  the  mucus,  as  well  as  their 
action  on  the  respiratory  center,  has  determined  the  use  of 
pilocarpin,    tobacco,    and    lobelia  in  asthma  (see  p.    262). 

I  Similarly  the  increase  of  biliary  mucus  facilitates  the  pas- 
page  of  gall-stones. 
An  increase  in  the  secretion  of  milk  may  perhaps  be  con- 
sidered doubtful. 

Its  nauseant  lUtion,  and  that  on  />trrsfalsrs,  could  possibly 
|bc  utilized  therapeutically  ;  but  it  is  inferior  in  these  rcs|x:cts 
other  remedies  (sec  Chaps.  XIV.  C;  and  XXX U).  and 
Ithese    fi»rm    ralher  nnplaisatit  side- actions,   partly  diiectl)* 
land  jjartly  by  the  general  depression  whicli  tlicy  produce. 
The  sitKt'ing  of  tlw  heart  produced  by  the  members  of 
this  scries  is  '>r  no  practical  importance,  since  it  cannut  be 
(obtained   sufficiently  pure.      The  cnnstrietioti   of  the  pupil 
and  lessening  of  intraocular  tension  have  caused  pilocarpin 
be  used  as  a  substitute  for  physostipnin  in  glaucoma  (see 
300).      It  has  no  advantage  over  the  latter  drug,  its  action 
(cing  shorter  and  less  complete.     iK  zfo  solution  is  em- 
ployed locally. 

Tlw  acUoa  on  the  uttrmt  may  rcMilt  in  alKkiliun,  but  cannal  be  ubcd  in 
|)nictlrc,  «ltice  llie  <to««  n^uired  for  its  iictUm  on  this  oq;n>r>  are  dnngnrrou*. 

I^astly,  it  forms  the  physiologic  antidoti  to  atropin  and 
Icertain  snake-venoms  (rattlesnake). 


(M)  DIAPHORETICS. 

iioretics  (sudorifics  or  h\'drotics)  are  remedies  which 
icrcase  the  secretion   of  sweat,  an  object    which   may  be 
ittained  in  the  following  manner : 
\A)  By  affecting  the  circulation  in  the  skin : 

Lo**ally  :  1.   Local  irritation. 

Systcmically  :  Indirectly  :  2.  Rise  of  general  blood  pres- 
sure if  cutaneous  vessels 
arc  not  simultaneously 
constricted. 


302 


DIAPHORBSIS. 


CH.   XII. 


Directly:     3.  Stimulation,  direct  or  reflex, 
of   the  central   dilator 
mechanism  of  the  cuta- 
neous vessels,  or, 
4.   Paralysis  of  their  v-asocon- 
strictor  mechanism. 
{B)  By  directly  increasing  the  secretory  activity  of  tht  cells 
of  the  sweat  glands  : 

1.  Through  stimulation  of  the  sweat  center,  direct  or 
reflex. 

2.  Through  peripheral  stimulation  of  the  nerve  end- 
ings or  gland  cells. 

There  is  sonic  difference  in  tlie  character  of  the  sweat. 
according  to  whether  it  is  obtained  by  A  or  B, 

Su*vat  A.  riic  sweat  wliich  results /ww  increased  circu- 
lation is  poorer  in  solid  substance  and  is  more  alkaline.  It 
has  more  the  general  character  of  a  serous  exudate.  The 
skin  is  warm  and  red. 

Sweat  B.  That  obtained  by  direct  action  on  tlu  gland  is 
more  concentrated  and  less  alkaline.  The  skin  is  pale  and 
cold. 

This  tatlcr  i*  ihc  '*  cold  sntai"  which  k  ordinarily  producwl  bjr  Btimnlatioo 
of  the  KWcatiriR  center  through  i"X>,,  and  which  w  righlly  conM<lt?tvd  a  Mrious 
omen  in  the  cour**  of  a  di'<ase,  siitcc  il  indicates  a-^phyxia. 

Childrcu  sweat  uiure,  old  peo}>lc  less  etsitjF,  ihtu  adults. 


ENUMKRATION  OF  DI.^PHORETIC  MEASURES. 

The  diaphoretics  may  be  divided,  according  to  the  man- 
ner of  their  action,  into  the  following  classes: 

I.  Application  of  External  Heat. — Tlus  may  be  by 
hot  air,  vapor,  water,  or  sand-hatfis. 

The  latter,  which  iinfohuiutely  can  only  be  citrried  on  in  special  iutttu- 
tions,  consists  h\  buir>ing  the  paliem  up  to  the  shouiderx  in  hot  land;  il  tui< 
the  ailviuilBtje  uvcr  llie  nlhcrs  in  rapidly  nhw>rbing  (he  fluid  and  thus  prrveni* 
itig  tnaceraliuri  uf  the  skin. 

3.  The  heat  may  be  increased  by  preventing  the  loss 
of  the  body  heat,  either  by  protection  from  the  external 
tcmpcrattue  or  by  preventing  evaporation  (through  gutta 
percha.  etc.).     Packing  may  be  counted  here. 

3.  Artificial  heat  may  also  be  supplied  internally  through 
hot  drinks. 


This  will  also  increatt  tht  fjuantity  of  urine,  and  will  therefore  not  he  rt- 
sotted  to  when  the  securing  oi  rest  to  the  kidneys  is  the  main  object  intended, 
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|Borwlica  it  Udciirrd  to  diininUli  llie  uiiount  ot  fluid  in  ihc  ))ody.  Hut  ii  vs. 
laii  cxccllfni  inclhod  for  indications  2,  3,  4,  and  6.  |Sc«  below-.]  J/pt  viater 
lalonc  will  ncoJinplisb  the  result,  bill  It  is  iisiial  tn  give  it  in  the  form  of  infu- 
\si»m  of  aromatic  HcHm,  which  tend  to  inake  it  Ic&s  nauM-Aiing  and  [Xi-iMbly 
[•m1  the  siitlonfic  ftctwn.  Amoiig.st  these  may  lie  menlicmed  elder  and  linden 
[  Sowen,  liiamomilc,  anise,  elm,  ,*age  (teacup  or  two  of  infusion,  ounte  to  pint). 

Dilators   of  Cutaneous  Vessels. — Amongst  tiiese, 
ot  (in    the  form   ol'  hot  punclij   holds  the  first  place. 
Thtni   come   the   nitrites,  especially  Spiritus  ylifhtris  nitrosi 

Atrcfiin  gtnd  irinrphin  alM>  have  this  eRect,  hnt  the  former  suppresses  sweol 
on  account  of  the  iMralysis  uf  the  nerve  enrlings. 

Shrphin  forms  an  ingredient  of  the  diaphoretic  Dover's 
\  ftnotitr. 

A  dilatati'in  of  the  skin  vessels  nia\'  also  be  produced  by 
[  irritation  of  the  cutaneous  nerves,  cither  from  the  circu- 
lation [aconitf,   %  drop  of  tincture)  or  locally  by  coiinter- 
irriunts  (siHa/nsm,  see  Chap.  XXIX). 

5.  Nauseants. — Diaphoresis  forms  one  of  the  features  of 
the  nausea  stage  of  emetics,  and  any  of  the  latter  may  be 

[etnployed  for  tliis  purpose,  if  its  action  can  be  easily  re- 
[stncted  to  the  desired  limit.  Dmrr's  f^inviicr  {5  grs.)  is  the 
[one  most  used,  as  it  also  has  the  dllat'ir  and  general  nar- 
[cotic  action  of  the  morphin. 

6.  Stimulation  of  the  sweating  center  may  be  ob- 
tiincd  by  nimf>fior,  but  amtnonui  (especially  111  the  form  of 
IJ(j.  .Imtnoti.  Acct,  .*Sss  to  j)  i-<  the  (iiu^^t  useful. 

7.  Stimulation  of  the  Peripheral  Secretory  Nerves. 
— ^To    this   class    belongs  the   whole  pilocarpin  scries,  of 

|which,    howe\'er,  as  we  have   pointed  out,   the  piiocarpin 
if  is  alone  used  in  practice. 


INDICATIONS  FOR  DIAPHORETICS. 

These   were  at   one  time  innumerable  ;  they  were  then 
almost  entirely  neglected,  and  have   been  re-introduced  to 
lan\-  ;;rcat  extent  only  comparatively  recently.     They  may 
|bc  summarized  as  follows  : 

1.  Removal  of  liquid  from  the  body. 

2.  Removal  of  poisons. 

3.  To  re-establish  a  disturbed  circulation. 

4.  Relief  of  kidneys. 

5.  To  increase  alkalinity  of  tissues. 
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I.  Removal  of  Liquid  from  the  Body : 

(a)  to  cause  the  absorption  t^  exudates. 

(^)  in  obesity,  withholding  carbohydrates  at  the  same  time, 
to  oblige  the  body  to  form  the  water  which  it  requires,  by 
the  combustion  of  its  adipose  tissue. 

For  these  purposes  any  of  the  diaphoretic  measures,  with 
the  exception  of  hot  liquids,  may  be  used,  other  singly  or 
in  combination. 

3.  RemOTal  of  poisons  introduced  from  without  or 
formed  in  the  body :  this  is  especially  valuable  in  chronic 
intoxications,  as  by  As,  Pb,  Hg;  nicotin,  morphin,  bacterial 
poisons  (in  fevers,  etc.) ;  snake  and  spider  bite ;  uremia,  gout 
myxedema,  etc. 

3.  To  re-establish  disturbed  drculatioii  in  the  skin, 
and  thereby  to  nlict'c  congestion  of  internal  organs :  this 
determines  their  use  in  colds,  rheumatism,  etc.;  in  cold  skin 
from  whatever  cause :  in  inflammation  of  lungs,  pleura,  etc. 
W'licn  a  -Strictly  local  congestion  is  to  be  relieved,  the  same 
results  niav  be  obtained  by  counterirritants  (see  Chap. 
XXIX). 

rile  increased  vascularit\'  of  the  skin  is  also  used  to  has- 
ten the  outbreak  of  febrile  exanthemata^  to  promote  tkt 
ahsorptioti  of  salves,  ete.  Further,  in  certain  diseases  of  tkt 
skin  where  its  nutrition  is  defective. 

4.  To  Relieve  Inflamed  and  Overtaxed  Kidneys. — The 
amount  of  excremontitious  material  removed  by  a  thorough 
swtatini^f  is  really  quite  large,  and  this  t;ives  the  kidneys  a 
;^o<Ki  measure  (>\   funetional  rest. 

5.  To  increase  the  alkalinity  of  the  tissues,  in  gout. 
oxvbutyric  acici  coma  I  diabetes),  etc.  Drugs  which  stimu- 
late tin-  c^landular  activity  directly,  such  as  pilocarpi n,  must 
l)c  Lniplo\'cd  here,  since  the  sweat  is  acid  only  when  produced 
in  tliis  manner.  This  removal  of  acid  is  so  marked  that 
the  urine  of  healtliy  iiidlvitluals  may  be  made  markedly 
alkahne  by  an  injection  of  pijocarpin. 


(N)  MATERIA  MEDICA. 

f*  Afttutitin.  not  usfil  ;    ilo'^i-  wonlii   tic  10  to  lOO  mg.l 
Pilocarpus   (U.S.I'-i   [Jaborandi   Folia.  H.F.].— yu^offln.i'i'. — Leaflets  of 
}'il,\'irpu\  SiiU'iinui  .iii»l  P.  Jahoran.ii,  Kutacea-.      Bnzii. 

rilixMrjiin   ('4    to    '.'  ''1,    riliK-arpidin.  Jaborin,   and    Jaboridin  (last  two 
have  .itropiii  action  I  ;  (luiii-.;  \'ol;Uik- Oil. 

*  Not  (iftiriai. 
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Extnu/um  PiiKurfi  i'lmdnm  (U.S.  P.)  [Extr.  laborandi  l-iquiduin, 
B.P.].— Onc-h«If  alcohol  (U.S.P.)  [Alcohol.  B.P.].  '  TuriiiU  wiih  water. 
Dote :  0.3  lu  3  cc.  (5  lo  30  minims). 

Timttma  Jaborondi   (D.P.}.  — 20^.     One-hair  alcohol.     Doie .    2   to  4. 
!       cc.  (30  to  60  niinitn<>}. 

'  ,•» /Vwofy>irt4/  Hydroi.M»ttti  (U.S.P.). — Very  soluble.     Dote:  0,005(0 

0.02  Oiii.  (  \%  lo  f^'  gnUu),  usually  hypodcruutally.      I^ocal  use  on  eye :  1%, 

.'^  Pil,*Citrpin^  Xiiras  (B.P,  |. — Soluhk-  in  y  [larts  water.     Dose  a& above, 

t'Curara. — Tlie  iinp<7ftiint  constitucnls  hnve  already  been  noted.  The  differ- 
ent samples  of  the  drug  vary  so  widely  that  no  dose  can  be  set  down.  Of 
an  average  active  'Wtnple  0.008  to  0.04  Gm. — of  curarin,  0,0025  '°  *^-*^Z 
Gin. — intra veiiou.nly.  have  been  stnle<l  to  be  efficient  in  man. 
Tabacutn-^— The  dnetl  Lonimcrriiil  leaver  of  .Vtce/tatttt  Tubacum,  Solanacesc  ; 
cultivated.     Ohsotcte,      The  do^e  is  given  as  0.5  tlin. 

*  Xtttttim.  ♦  *     The  dose  would  be  to  o.ooi  Gm. 

Conium   (t'.S.P.)   [Conii   Fructus.  B,VA.—{Sf>otted  Hemixk,)     Frait  of 
i\'Hiufn    AfatHiitrum,   Umba-Uifrr^.      Europe   and  Asia ;    tuluralitcd    in 

I.        Nufih  Anu-ncn. 
k    C*mi  /-Wia,  H.P. 
I       The  principal  constiloenU  have  been  given. 
I       The  prrfuralitmi  are  not  reliable  : 
P    Ertr,ictMm   Conti  |U.S.P.), — Oucbalf  alnthol,  with   addttiun   of  acetic 
wad,     Ih-nf  :  0.015  *"  *^-^  '^^^  <  ^  to  ■  gmin  |. 

&.xtriulnm  C^fHit  fluidum  (U.S.P.). — Same  menstruuoi.     Dose:  o.t>6  to 
^^LJ  c.c.  (I  to  5  minims). 

^^ft    iM*cui  Conii  I B.  I'. ). — 3  %  of  the  juice.     Dote  ;  4  lo  8  c.c.  ( 1  lo  2  drachms). 
^^T    IM^ufHiMTu  Cunti  I  B.r.). — From  the  juice. 

Tin.furn  Cyftii  [B  P.). — aofi,  in  three-founhs  alcohol.  Dote :  2  to  4C.C. 
130  to  60  minims), 

*  C'-anttn.  •  *     Doie  ■  O.0O2  to  0.005  ^'"• 

Oelsemium  (U.S.P.)  [Gelsemii  Radix,  B.P.].— (  »/A>w /ttimm/,)     Rhi- 

keofne   and   roots  oif    Ue/semium   sem/rrt'irens,    IjOganiace^e.      Sotithem 
United  Sute*. 
*  Gelaemin  and  Gelseminin  ;   Volatile  Oil ;  Resin. 
A'.r/r.i//*»ri  Gffifmii  Ftui.ium  (U,H.P.). — Alcohol.     Dose:  o.3toa6c.c, 
lo  to  minima). 

Tin^tura  Gr.'temti  {U.S.P.).— 15%.  Alcohol.  (B.P.  =  lOJt,  Two- 
third^  alcohol.)     Dose:  1  to  4  cc.  (V  to  I  drachm). 

*  Ceiuwmn. — Deu  :  0.0005  lo  0002  Gm. 
Lobclt*  <U.S.P..   B.P.).— (/n./i^ff    Toitax.-o.')     Leaves  and  tops  of  LebeHa 

imJUaa  fcnllected  after  a  portion  of  the  captures  has  become  inflated), 
Lobellaceic.     Nonh  America. 
Lobeltn. 

Extraettm  Lol>fiia  F/uidttm  (U.S.P,). — One-half  alcohol.  Dose:  0.05  to 
0.5  cc.  <l  to  lo  minims). 

Thiftmra  /,oAfH,x  (US  P.).— 20%.  One-half  atcobol,  /?«/,*  0.3  to  a 
cc.  15  10  JO  minims). 

TiMttHra  Lphtlia  .Etkerea  (BP.)  — 20%  in  spirit  of  ether.  Dose :  0.3  to 
a  cc  (5  lo  30  minims). 

Bcaparias   (U.S.r  )    [Scoparii   Cacumina,  ^.V.\^{Broiim  Tap.\     The 
tops  <if  Cytisus  Scopariut,  L.cgumii>us.v.     Western  Asia   and   Southern 
Eunipr  ;   naluraliinl. 
Spartcin,  Scoftarin^  Tannic  Acid. 

^•^  £Mraaum  &efarii  fluidum  (U.S.P.).— One-half  alcohol.  Dou :  1 
ta4cc-  (15  to  60  minims). 

•  Not  official. 

The  moat  important  prcpnrations  ate  marlccd  ^*^ 

**  The  free  alkaloid  b  Uquid. 
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^*^:^artan*  SulpAoj  (U.S.P.).  •*  — Z^w.-  aoo6  to  ail  tim.  {^  to 

agn.). 

^%/«/«j«iw  Sfo/fiW/ (B.P.)- — lo*?.      /Aw.-  301060  c.c.  filojofi.). 

Sueeui   Stofijrii  (B.P.J.— 3<i;    i>f  Um:  juice.     D»te :  4  fo  S  ex.  (I   to   3 
drarhni'*), 

Ptaysosijgma  lU.S.  1*. )  [Physostigmatii  Semina,  Et.P.  ]. — [Calatar 
Bran  j  The  :iecd  uf  Pkysosti^ma  I'tntaaium^  Lfguiiiiitoiae.  Tropical 
Wetnem  Africa. 

Physostlgmin.  Kseridiii,  Calaborin. 

lv'«<rri<lirt  \\»s  nii  ncliuii  ^tiiilar  to  PhyHOStigoiin,  liut  wraker.     CalKbaiin 
belongs  10  th«  SliTfhnin  Kmup 

The  liquid  prc|Mrauons  spoil  very  npidly  and  9J^  unrelinble  unleu  freshly 
made. 

Exfractum  /'Aysfisfi/rtvatis   {U.S  P.,  B,P.).— Alcohol.     Daser   0.006    lo 
0.03  (im.  {-^  to  )  CTBiii). 

Tiatrtura  /*AYJ0iitgmatii  (V.S-V.). — 5Jl.     Alcobul.      Dmr :  0.6  to  1  C-C. 
(10  to  30  tnintnis  |. 

Phyt0sti^mimF  (Escrinie)  Smlphat  (U.S.P.,  B.P.). 

,*,  Phys<ntigmin*t  Salieylai  (U.S  P.)  — Soluble  in  150  water,  IJ  alcohol. 

Dfsr :  0.0005  to  o.ooa  Gm.  (^^  ^  Vs  S^''0      '^**<'  ^^  in  ^}''  •  ^i*  *"'*'* 
lion 

Lamttlut  Phys^gmina  (B.P.). — Each,  x^^%  e**>a. 
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INTERNAL  SECRETIONS. 

Internal  secretions  may  be  defined  as  specific  substances 
formed  witliin  n  glandular  organ  and  given  off  to  the  blood 
or  lymph.     (Howell.) 

Historicat.^The  iatrodtictioii  or  these  principles  toto  medical  practice 
nwy  be  considered  avx  of  the  valuable  acbievemenu  uf  modem  therapeutics 
only  equaled  by  the  nntimxin  trentmcntt  whirh  in  in  .some  ways  nmilnr  to  il 

Organlherapy  nuRht  at  first  «ficw  be  tnlMakcn  for  a  reverflon  to  the  cua- 
toms  uf  the  iuivBgc  who  nte  the  heart  of  his  courageous  enemy  lo  magnify  his 
own  prnwcM.  Indeed,  <itimuUtcd  by  the  undoubted  achievements  of  scientitic 
organotherapy,  there  ha-s  recently  been  introduced  an  era  of  indi^criminale 
employment  of  orj;an  extracU  against  the  disonses  of  the  corresponding  organs 
— |>artly  by  p<'oy>lc  who  h^v*  .in  hnnesi  desire  to  advance  knowlcd(?c,  but  lack 
the  scientific  liniDtiig  tocornprehrnd  the  rcqiiircnicnts  of  this  (realmcnl,  )>anly 
hy  (juacks  who  simply  take  advantnjTc  of  the  prevailing  fashion.  Such  p«endo- 
di«covi;ni;s  do  not  depart  in  their  spirit  from  the  above- men tiuncd  symlMjhsm, 
and  their  fate  is  easy  (o  pre<licl.  They  have  nothing  whatever  to  do  with 
the  scientific  theory  and  use  of  intemal  secretion*  as  deduced  from  ex(^>en- 
mcolal  data.  (How  great  's  the  danger  in  this  fiehl  is  illustrated  by  a 
certain  pntstatic  extract  put  out  by  maniifaclurern  for  ih<*  Irentment  of  [>roft- 
iBtlc  hypertrophy  It  gave  the  most  brilliant  results  until  investigation  brought 
to  lij^ht  the  fact  that  It  had  l)een  gained  from  female  animals.) 

Our  knowledge  of  iliis  tubjecc  wax  Marted  by  Claude  Bemard't  discovery 

The  most  im|x»rtanl  preparatiotu  are  marked  ^^ 
**The  free  alkaloid  is  liquid. 
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of  the  gl]rcogenk  function  t>r  the  liver.     Browti-Stquard,  bnstog  himself  ujkiii 
tbi>  i»4ii)ly,  advanced  the  brilliant  theory  uf  what  he  was  the  first  to  call 
interna)  nrrrrtinn,"  of  its  impcmnnl  fundinna  to  ihv  argani&m,  aiid  fiugt;e«lpd 
as  a  poaubte  new  &el<l  in  therapeutics.     S^uard  drniunMmted  none  of  these 
elioiu,  much  leas  their  {Musage  into  blood  and  lyraph.     Since  thai  lime 
>t  advance  has  been  made  along  this  line.     lutrrnnl  «rcretians  have  been 
rated  in  glaiMU  with  and  withont  ducts.      Katal  effects  of  excisioa  of 
'  tbetc  organs — f-^,  ihc  thyroid — -firsl  served   to  direct  atlentton  to 
secretory  function.     Funher  inve^tigalioiu  conflated  thai  Ihe  extracts  of 
glands  pcMsesAcd  specihc  physiologic  prti|»crties.     Thr  lader  coTrespoiid 
r|br  the  mott  part  to  those  of  iiicinhcrsof  the  M^rio^  comprised  in  this  treatise  be- 
tween the  estreiDes  of  alropin  and  pby»ostigmin. 

The  nature  of  the  active  substances  is  none  too  well 
known.  However,  they  dilTer  from  proteids  and  tVoin 
toxins  in  being  rcsistint  to  heat  and  reagents.     Although 

riot  thcinsc!ve.s  protcitl.  they  ma)'  form  a  constituL-iit  part  of 
complicated  proteid  molecule.     They  are,  perhaps,  more 
irly  allied  to  the  alkaloiils.     Some,  in  fact,  are  t\'pical 
alkaloidat  bases  (epinephrin),  while  others  belong  to  the 
pyridin  series  (suprarenin). 

It  b  of  interest,  as  throwing  some  light  on  tlic  origin  of  these  bodies,  to  note 
bat  albumin,  uitdcr  the  influence  of  concenlratcd  hydrochloric  acid,  yields  a 
unll  quaiitily  of  pyridin  bases. 

Haaner  of  Action. — There  ha.s  been  considerable  dis- 
cussion 3&  to  whether  the  function  of  these  substances  is 
antitoxic  or  physiologic — ;'.  f.,  whether  they  arc  chemically 
or  functionally  active. 

Thry  certnirily  are  Ihc  latter,  for  their  physiologic  activity  in  easily  demon* 
»t«-d  l>y   injcctittu  or  feeding.      \s  lo    (lie   former — -the  cliemic  destruction 
rpui«on«  by  ihem  — vny  linle  is  known.      Hnwcvcr,  some  of  thetn  faTor  oxi- 
Atiiin,  which  is  ui>douhtedlv  a  normal  aid  in  the  removal  of  poisons.     Such 
bemic  and  oxidative  action  is  also  rcndcrvd  «'cry  probable  by  the  fact  Ihat 
Ijblooij  of  animals  from  whom  the  glands  have  been  caciMrd  is  toxic  to  other 
nU,  t-<)i>vinlly  when  the  glands  from  these  have  also  been  removed.      Kul 
'!r.-cisivc,  for  it  still  rctnaiiis  (<•  be  shown  u-bclbcr  il  is  ihc  gland 
nets  which  iwsiessM  the  antitoxic  action. 

•  -.IT  to  varj-  con'iidcrnhiy  in  their  activity  at  different  ages. 

I  ihe  I-  more  aclive  in  children,  almost  inactive  in  old  people. 

p;l.ind  appears  comparalively  early  in  the  embrj-onic  fife, 

.1  somewhat  in  different  genera  :  In  the  human  embryo,  tirsi  in 

I  <  :i  the  ihyrotd,  ai»d  lastly  the  suprarenal.     At  birth,  the  ibyrutd 

I  drvoid  U  HJdiii. 

The  bad  eflccts  following  the  excision  of  these  inlands  can 

I  all  cases  be  removed  if  the  gland  substance  is  administered. 

This  is  usually  active  when  given  by  the  mouth,  which  con- 

titutcs  a  ver>'  marked  difference  from  antitoxins.    The  latter 

»re  t>^»ical  proteid  t>o(Jies  (globulins),  and  are  destroyed  in 

'  the  stomach. 
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In  therapeutics,  the  fresh  or  dried  gland  substance,  or 
extracts  made  from  it  b)'  means  of  glycerin  or  normal  salt 
solution,  are  still  employed.  The  active  principles  cannot  as 
yet  be  isolated  with  sufficient  accuracy  to  allow  of  their  use. 
In  the  preparation  of  thest:  extracts,  etc.,  asepsis  must  be 
enforced  with  extreme  care. 


I.  SUPRARENALS. 

Suprarenal  extracts  are  only  active  on  intravenous  injection  or  when  applied 
locally.  SubcuUBcoiuly  they  have  no  cfiect,  except  la  very  lai^e  and  (iften 
fatal  dotes.'  This  is  on  account  of  the  oxidalicH)  of  the  su)>nucnin  id  the 
lismes.  Taken  by  the  moath  they  ore  nbsorbrd,  anA  produce  onlv  local  and 
IMtlups  icHcx  cBccts.     On  the  whole,  their  action  resembles  tliat  of  pipcridio. 


(A)  SUMMARY  OF  ACTIONS. 

T.  Rise  of  btood  pressure  tlirough  peripheral  stimulation 
of  the  vasoconstrictor  meciuinisin.  Secondary  to  this  rise 
of  pressure  there  is  a  stimulation  of  the  vagus  and,  conse- 
quently, a  slowing  of  the  heart. 

2.  A  digitalis  action  on  ihtf  heart 

3.  A  depression  of  the  respirator}*  center, 

4.  A  veratrin  action  on  the  muscles. 

5.  A  diminution  of  peristalsis  through  peripheral  action 
on  the  nervous  mechanism. 

6.  Mydriasis  through  direct  stimulation  of  the  iris  mus- 
culature. 

(B)   DETAILS  OF  ACTION.S. 

1.  Rise  in  Blood  Pressure. — This  appears  after  extirpa- 
tion of  the  cord,  and  is  therefore  peripheral. 

The  same  U  shaven  by  pcrfutiion  of  excised  organs.  It  cauuot  be  coih 
stdered  as  dcBnilely  settled  whether  the  action  ia  upon  the  nnwcle  or  nerve 
endings. 

The  action  \i\xtn  the  veitfh  of  tht  brain  or  htngt  is  oDcertain.  The  bulk 
of  evidence  goes  to  show  that  there  is  none,  or  at  lenKl  very  little,  and  Ihu 
points  to  the  action  beinfi  upon  the  ntrvt  eH<im^i. 

l*he  vAMKoniitricliun  i<t  luanifc-tted  espcdally  in  the  tpianchnit  arra.  It  is 
but  tilijjhl  on  the  ■t$%th  of  Ihf  sktn. 

Wirh  the  rfmi!  vrtsfli  the  constrictioD  is  but  traniitory  and  is  fnllowed  by 
dilatation.     The  flow  of  urine  is  iucce&aively  dimitiiahed  and  increiucd. 

The  rise  in  the  general  blood  pressure  »s  ordinarily  ven' 
large,  but  is  to  a  great  extent  counteracted  by  slowing:  of 

^  Very  large  hypodermic  doses  show  ascending  central  pamlyiiis.,  hemorrlwee 
from  mouth  and  nose,  hematuria,  occasioiuilly  convulsions,  great  fall  of  ten- 
pcraturc,  all  these  being  probably  iiecondary  to  (he  changes  in  btood  pretsure. 
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ift.     This  is  due  to  a  stimulation  of  the  vagus  center 
5ndar>'  to  tlie  rise  of  blood  pressure,  for  it  occurs  only 

after  this  has  begun.     It  is  not  invariably  found. 

3.  The  action  upon  tlie  isolated  heart  is  pnniaril\'  that 

of  digitalis. 

Id  fiit/r^s  k/art  it  first  incre»cH  ihc  ainplitinlc  mid  rale.  Tlie  output  is 
Increased  per  beat  and  pert  time.  Ttie  heart  Ihrn  a.«!iUTnes  a  mnre  and  more 
systolic  phau;.  becomes  more  and  more  slewed,  and  ts  anested  in  sy»tolc. 

The  mammalian  heart  shows  the  same  phenomena. 

Langend«ir'»  method  itbowa  a  Utvng  ami  ftnitttnt  increase  in  the  ttne 
EfpaHaee     toward     syMole). 

I^F'K    57.»  — *► 

I       IVirtcr't     mrlhiMl    show» 
Itiuit  the   kfight  0/  tkf  ten- 
frayftpM  it   mttik   inrreatni^ 
tooe    dtKibled.       l-arge 
(dnvf  ihould,  a.«  with  di^i- 
alis,    OtUte    fibrillary   n'tt- 
ai-tiotu. 
I-Ierin^i  method    shows 
utrkeming  of  the  heat  and 
riw  of  Alotut  fireuure. 


Fig,  57. — Suprarenal  c>  tract  on  i!rt>!ntcil 
heart  ^nfter  Hedbotn):  </,  NonnaU  i>,  Tuur 
minutes  after  iiijectiun;  t,  Bve  to  six  uiio- 
ulen. 


From  this  it  will  be 
ecn    that    its    action 

beyond  the  ganglia  and  results  in  an  increased  rate,  in- 
creased   excursion,    increased    volume    of  blood,  then    an 
icreased  systoUc  tone,  and  finally  fibrillary  contractions  or 
systolic  standstill. 

The  mciwuc  of  lone  seen  at  the  beginning  of  it*  action  in  intact  etnimah  is 
followed  by  flowing  and  tendency  |o  diastolic  phaM  due  to  vagu*  sttmulatiun. 

3  and  4  do  nvA  rr-^uite  further  discussion. 

S.  EfTect  on  Peristalsis. — PcristaUin  b  markedly  lessened.  Since  (bis 
^K  e^T  —  --■;-^-»r»  after  division  of  the  splanchnic^,  it  'v^  [leripberal.  This  is  todif- 
^B  i>  <    ii«  action  on  the  muscular  orj^nH  ih.iT  one  miiit  assume  it  (o  he  due 

^^Uk-' ---  -u  OD  Knne  nmvuf  mechaDi»m,  the  »ttmuIalion  of  some  nerve  cud* 

^■ngs,  or  uf  Auerbacb's  pleatts. 

r 


It  has  no  effect  on  nerve-trunks  or  nerve  endings. 


(C)  RELATION  TO  OTHER  DRUGS. 

Its  action  resembles  that  of  a  number  of  other  groups; 

1.  PiperidiD  in  the  rise  of  blood  pressure.     The  differ- 
ence lies  in  the  rcspirabon,  which  is  quickened  and  deej>ened 

pipcridin,' 

2.  Pyrocatechiii}  which  has  the  same  general  action  as 
tipcridin.  but  is  much  more  toxic. 

*  Rperidio  differs  frora  coniin  mainlj^  in  somewhat  weaker  curare  acHoo. 
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3.  Nicotin  in  its  action  on  the  circulation. 

4.  Digitalis  in  its  action  on  the  heart. 

5-   Veratrin  in  its  action  on  tlie  muscles. 
It  is  at  tlie  ±>ame  time  antidotal  to  toxic  doses  of  nicotin. 
atropin,  ncurin,  stiopbantliin. 


tp)  NATURE  OF  THE  ACTIVE  CONSTITUENTS. 

The  acfivc  constitufuts  are  contained  almost  exclusively 
in  the  medulla  of  the  gland. 

The  lalirr  is  indeed  {HMuibly  a  phyuolt^calty  diflemil  orgui  from  the  cor- 
tex.    \\n  crruiii  fi*>hiT&  the  cnnex  and  medulla  exist  in  two  separate  glands.) 

Two  substances  have  been  isolated  by  different  observers  ; 
epint-phrin  by  Abel,  and  suprarenin  by  von  Kuerth. 

Epinephrin  is  a  typical  alkaloid  possessing  basic  charac- 
ters. Suprarenin  is  very  similar  to,  but  not  identical  with, 
pyrocatecUin  ;  it  is  probably  di-  or  tctrabj'drodioxypyridin. 


Neither  of  these  has  so  fur  been  made  .•cynthetioilly,  which  woold  seem  la 
be  the  iirxt  «lep  in  this  interesting  subject.  Sapnircnin  fnnns  about  o,l  to 
0.17%  of  (he  gland.  Both  observers  acknowledge  the  prcjence  of  both 
bodies,  but  each  claims  thai  the  results  obtained  by  the  nther  arc  due  lu  nd- 
mixtnrc  of  his  own  substance.  The  bulk  of  evidence  seems  to  be  in  favur  of 
vcn  Fucrth. 

The  activity  of  the  substance  is  very  great  Even  in 
sucii  impure  form  as  it  exists  in  the  medulla  of  the  gland, 
o.  5  5  mg.  per  kilo  of  dog  has  a  maximal  effect  The  action 
is  very  short,  and  the  animal  soon  returns  to  normal.* 
However,  the  substance  is  not  eliminated  by  tlie  kidnej-s. 

1 1  must,  therefore,  be  dchtroycd  in  t)ic  ti&itucs,  and  thu  by  oxidalion,  fut 
alkaline  tuilutions  are  uxidiEvi]  ijuiie  rendily  in  the  proence  uf  air,  and  ihtu 
rendered  ioattivc  Tlii*  dcstnicUon  lukes  place  com  para  lively  «lowly  in  tbf 
blood,  but  espcL-ially  sttotif^ly  in  Uic  tissue*,  and  in  the  Uver.  This  cxpUiiu 
why  hypodermic  injections  are  jo  incflcctiial. 

On  the  other  hand,  the  substance  is  quite  resistaHt  ngainst 
acids  and  heat.  It  can  be  boiled  without  destroying  its  ac- 
tion. It  is  soluble  in  water  and  fairl)'  strong  alcohol,  and 
doc-s  not  reduce  copper. 

As  it  belongs  to  the  piperidin  series,  it  contains  nitro- 
gen. 

(E)  EFFECTS  OF  EXCISION. 

Animals  die  soon  after  excision  of  the  suprarenals  (five 
days  with  the  cat),  usually  showing  a  low  blood  pressure 
*  LAi]{e  doses  often  repeated,  kill  t^  cardiac  parmlysis. 
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rand  muscular  weakness.  Alterations  arc  also  seen  in  the 
[central  neri'ous  system  and  in  metabolism.  Death  occurs 
I  by  failure  of  respiration. 

ThK  cannot  br  tnlcen  to  pmvc  posttiTcly  the  tinportoiKT  <4  ihc  supniri*iinl 
glands  on  account  of  the  rslensive  nervous  conneclionx  involve4  in  the  njiem- 
Ciun. 

In  advanced  Addison's  dU«ue  the  gTaiids  are  altnust  inactive.  In  tbe 
honum  fettu  they  are  inactive  at  the  lime  of  birch. 

A  complementary  proof  of  the  functional  importance  of 
these  glands  is  furnished  by  the  injectioti  into  normal  ani- 
mals of  the  blood  of  animals  in  whom  the  {glands  have  been 
removed.  This  produces  curare-like  symptoms,  which  are 
improved  by  siiprarenin. 

The  /itMi/ii'H  of  liie  wprarenals  is  pnibably  the  de^nidion  of  the  tnoscle 
vaiU>pro>tuns  Ifkclrlal,  canlinc,  and  vA^ciilari  and  their  converftinn  inio  Mib- 
MMicii-  uf  an  opposite  action — i.  /..  sutnulanis  to  tbe  muscles.  The  fiuictian 
i%f  therefore,  both  chemic  and  phyuolugtc. 


1      That  the   active   substance  is  actually  excreted  by  the 
glands  into  the  blood  is  shown  by  the  fact  that  the  blood 
^.of  the  suprarenal  vein  produces  the  typical  efiect.    The  sub- 
ice  is  carried  in  the  plasma,  nut  the  corpuscles. 


t 


(F)  THERAPEUTICS. 

The  thetapeulic  result*  from  the  supmrenal  exlracl  muM  neceswrily  be 

Jl  when  one  coiuiden  that  ili  action  i<t  kburt  and  that  it  ib  tutally  ituictive 

when  injected  intravenously       It*  reMilts  in  Addi^iun'N  ili^<«»!*e,  ricket*, 

r%  inupiduii,  and  nther  iliceeses  in  which  it  hafi  been  employed,  have 

I  to  dmibtful  that  one  mi(;ht  call  ihctn  uegntive. 

On  the  other  hand,  it  has  proved  very  useful  as  a  /<«*ti/ 
ltf/»/Vft'f7/Kitf  to  stop  hemorrhage,  especially  in  nasal  and 
JlarAngeal  operations.     It  is  then  usually  a[]i>lied  in  6j^  of 

>lution   of  the  dried  gland   in    conjunction   with  cocain. 

rhcwing  of  suprarenal   tablets  is  stated  to  arrest  nasal* 

jlinonary,  and  gastric  hemorrhage. 

Stu*^  Cammurciitl  Pnfktratumt  : 

m^  m  Extroitum  Supmrenale  Maotostaticum  (Merck).     Dry,  for  local  use 
ot  anlniion, 
_  •  ,  TAhhtt  iBurroueht,  Welcome  &  Co.)  are  Raid  to  he  cupeciaUy  active. 

*  GlanJuia  SufntrmaU  Site,  /'uhf.     One  paxl^S  of  freahgUod.   D^ae: 
<k  1  Gm. 

•  Not  official. 

Hie  iiKMt  itnporttnt  preparatioiu  are  marked  «*«> 
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II.  THYROID. 

The  importance  of  this  gland  appears  most  conspicuous 
from  the  symptoms  which  arise  when  it  is  excised. 


t.  EFFECTS  OF  THYROIDECTOMY. 

Scliiff.  in  1856,  was  the  first  to  show  the  fatal  sequence 
of  thyroidectomy  ii»  animals. 

Tht  sympinms  differ  cnnsideralily  in  Jiffermt  animah,  in  ihe  rapidity  nf  de- 
velopment us  well  n.^  in  viulciice.  En  l)irils  the  opeiation  is  nol  followed  by 
any  effr-cls.  The  agcnrnriimaU  lia*  alsn  atasidenble  inllurncc.  ll*e  'iymptoms 
being  much  less  viulenf  in  old  age,  much  more  marked  in  children  anil  young 
animals. 

Acute  Symptoms. — In  the  acute  form  (r.  g.,  dogs)  tlic 
symptoms  consist  in  an  exaggeration  of  the  reflex  cxcita- 
bilit)',  which  increases  to  choreic  spasms  (tetany),  and  later 
to  intermittent  convulsions.  Tlie  animal  becomes  apathetic 
and  cachectic,  the  cutaneous  scnsibilit>'  is  diminished,  the 
animal  nunlfcsts  a  \'t:r\*  marked  desire  for  external  heat,  tJie 
body  temperature  is  lowered  (due  to  increased  heat  loss 
through  a  diminished  power  of  regulating  its  tem|x*ratureV 
The  number  of  red  corpuscles  is  diminished,  as  is  also  the 
hemoglobin  in  the  same  ratio.  The  proleids  of  the  serum 
are  also  lessened.      Death  occurs  after  a  few  days. 

The  convulsions  have  their  s<ai  in  the  central  nervous 
system,  for  they  disappear  on  section  of  the  motor  nerves. 
They  persi.st,  however,  on  removal  of  the  corresponding 
motor  area,  .so  that  thev  must  be  located  somewhere  be- 
tween this  and  the  nerve-trunk. 

Slow  Form,— In  animals  in  which  the  development  of 
the  symptoms  is  slower,  as  in  man  and  the  monkey,  these 
symptoms  are  preceded  by  a  more  marked  cachectic  and 
cretinic  condition^  and  furthermore  by  a  peculiar  change  in 
the  skin — myxcdtma.  This  consists  of  a  hyperplasia  of  the 
connective  tissue  wth  reversion  to  the  embryonic  type,  and 
consequently  a  richness  in  mucus.  These  symptoms  are 
not  seen  in  the  dog,  since  there  is  not  time  for  tlicir  de- 
velopment. 

A  certain  proportion  of  dogs  do  nol  show  tnudi  dumge  nfter  thyraidectomy. 
Il  is  found  in  all  these  cases  that  (he  uiiinat  poKCMCs  a,\-fiti>rt  tJkyrviJs. 
These  may  be  silaated  in  various  places,  often  in  the  neck  or  near  (lie  arch  of  the 
MtTtt,  and  possess  ctic  siuiic  structure  as  ibc  thyroid  glaod.  Tbey  hypertropby 
kftcr  removal  of  the  latter. 
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^its  do  not  die  after  removal  of  tlie  thyroids.  How- 
ever, if  certain  small  glandular  bodies  lying  in  the  neigh- 
borhood of  tlie  thyroids — parathyroUis — are  also  removed, 
the  animal  dies  very  quickly.  In  the  dog  these  bodies  are 
situated  inside  the  thyroid  gland  and  are,  therefore,  removed 
in  the  ordinary  opcnition.  If  they  arc  spared,  tlie  dog  also 
survives  more  frequently.  The  removal  of  these  bodies 
alone  in  either  animal  causes  death  with  symptoms  similar 
to  those  of  tl»yroidectomy.  It  is  possible,  however,  that  their 
functions  arc  di.stinct,  although  similar. 

They  liAve  al^J  been  Ocmoustraled  in  the  sbeep,  aca],  mouk«y,  man,  nnd 
exbt  probably  in  all  aoimnls. 


s.  THVROIO  FEICDING  AFTER  THVROIDECTOMV. 
The   above    symptoms   may  be   eatircly  prc\'cntcd 


by 

leaving  a  portion  of  the  gland  or  by  transplanting  it  into  any 
portion  of  the  body,  or  in  man  even  by  feeding  with  gland 
substance. 

(This  thyroid  feeding;  was  first  tried  in  18S4.)  In  dogn  and  monkeys  thy- 
roid feeding  ift  ntil  HI  unifonnty  snccfsLsful.  but  Jt  Mives  n  certain  pro]>c>rtion  of 
these  uuinabi  also. 

The  same  results  follow  the  administration  of  the  active 
principle — iodothj-rin. 


3.  THE  EFFECT  OF  INJECTION  OF  THYROID  ON  NORMAL 
ANIMALS. 

Summary  of  Actions  (when  large  doses  are  injected  in- 
travLiiously) : 

i  I)  A  fall  of  blood  pressure  through  vasomotor  dilata- 
^-  tion  and  depression  of  the  cardiac  muscle. 
H      (3)  Slight  action  on  the  heart  muscle:  small  doses   in- 
crease, large  doses  diminislt,  its  force. 

(3)  Increase  of  the  irritability  of  the  vagus  endings  in 
the  heart. 

■  Details  of  these  Actions : 
1 1 1  Fall  of  Blood  Pressure. — Since  this  is  developed  indepmdenily 
of  any  i'midiiic  OLlitiu,  il  mu&t  be  vaMnnoior  in  its  origio,  but  IL  is  not  known 
vhetber  it  i.<>  central  or  ]KTi|iberal. 

(2)  Heart. — The  elTwts  are  .ttnall,  and  have  l>een  ovcHooked  by  m<«l 
obscTvcrv  bat  when  observed  they  have  been  fairly  unifonn.  Since  they  occur 
on  IVitleHt  pfrparalions  thc^y  rnu^t  l^e  muscular.  Jl  aImi  renders  the  heart 
beat  more  rrgular. 

(3)  VaciU  Endln8:9.— The  effect  aningomzcs  aiTxipin. 

(4)  Quickening  of  ihc  hrarl  from  sliiiiulnlifni  of  the  accelentor  center. 
<Tfab  is  also  wm  when  ihyniid  is-idmiiiistered  to  inyxcdcmic  patients.  Rab- 
bits  fbow  A  slowing. ) 
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4.  effects  of  continued  adminisikation  of  smaller 

Emjses. 

The  effects  of  the  continued  administration  of  smaller 
doses  (such  as  are  seen  when  overdoses  of  the  substance 
are  taken  in  the  treatment)  are  somewhat  different. 

The)'  resemble  BjifiiiAi^ ^  diseasf.  (This  is  now  rcKRrded  u  due  lo  exces- 
sive sccrrlinn  of  the  (h)Toid.  Hislotogicatly  tbc  iiecrctiM;  surfuce  i»  seen  to 
be  Increued  by  extension  of  the  papillte  in  the  lumen  of  the  aJveoli.) 

The  symptoms  arc  partly  nervous,  partly  circulatory. 
The  former  consists  in  insomnia,  headactic,  palpitation, 
nausea,  vertigo,  poly|)hayia  or  loss  of  ajjpetite,  diarrhea. 
general  malaise,  tremors  of  extremities.  The  heart's  ac- 
tion is  irregular  and  exaggerated,  and  there  are  also  vari- 
ous vasomotor  disturbances. 

Effects  on  Metabolism. — Oxidation  is  markedly  in- 
creased, and  both  nitrogenous  and  non-nitrogenous  bodies 
arc  rapidly  used  up.  I'hc  tcmjK'rature  rises.  However, 
and  in  whatever  conditions,  thyroid  is  administered,  it 
causes  a  large  increase  uf  N  in  the  urine,  but  the  first 
effects  are  upon  fat,  and  it  acts  upon  protcids  only  when 
the  former  have  been  reduced  to  a  certain  minimum.  The 
quantity  uf  urine  is  also  increased. 

Since  arsenic  retariLs  oxygenation,  its  use  has  been  sug- 
gested to  combat  this  .side-effect  of  the  thyroids,  and  good 
results  have  been  claimed,  but  arc  scarcely  sufficiently 
established. 


5.  FUNCTIONS  OF  THE  THYROIDS. 

The  physiologic  action  of  the  injection  of  thyroid  extract 
— the  fall  of  blood  pressure  and  the  increase  of  the  irrita- 
bility of  the  vagus  endings — renders  it  probable  that  the 
gland  has  an  important  connection  with  the  eirculiVtoR. 
Moreover,  the  gland  itself  contains  powerful  vasodilator 
fibers  which  can  greatl)'  lower  the  pressure  in  the  carotid. 

Its  situation  would  render  it  most  favorable  for  influenc- 
ing the  circulation  of  the  brain,  and  indeed  nothing  prevents 
the  attributing  to  circulatory  changes  in  the  nervous  centers 
all  tlie  nervous  symptoms  foUowirg  the  injection  or  excision. 
Rut  it  would  be  going  rather  far  to  explain  its  action  on 
mftabotism  on  the  same  basis.  This  function  is  not  under- 
stcKxl.      In    addition,  some  experimenters  claim  a    certain 
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lODOTHYRIN. 

'toxi£  iutioft.  CafTeiii  is  said  to  be  more  toxic  in  animals 
>rivcd  of  thyroids.  The  blood  oi  thyroidectomized  ani- 
mals was  claimed  to  be  toxic  to  others  from  whom  these 
glands  have  just  been  removed,  but  this  is  now  denied. 

6.  ACTIVE  PRINCIPLES. 

Thyroid  glands  differ  from  the  suprarcnals  in  that  they 
exert  tlieir  action  wheii  taken  by  the  mouth.  Indeed, 
Baumann  has  isolated  a  substance,  very  rich  in  iodin 
(9.3^),*  resistant  to  heat  and  even  tu  concentrated  acids, 
which  possesses  all  the  physiologic  properties  of  the  gland 
extract,  and  which  he  calKs  "" iodothyrin."  \X  also  contains 
nitrogen  and  phosphorus.  It  does  not  give  the  biuret  or 
Millon's  reaction. 

'rbc  ihjrmtd  of  the  newtx>ni  child  does  not  dsuaIIv  cDntain  iodin,  but  this 
is  found  io  the  acccsaor}'  Aod  pan-thj-roid^.     Noae  exi»t&  in  the  thymus. 

In  the  gland  the  active  substance  is  confined  to  the  col- 
loid and  probably  exists  in  combination  with  globulin  as 
thyrt'oglobtilin  (i.66j)^  I).  The  colloid  does  not  contain 
mucin.  The  amount  of  iodotliyrin  can  be  tncrea.sed  by  the 
administration  of  Kl.  but  the  direct  iodization  of  this  sub- 
stance outside  of  the  body  results  in  the  destruction  of  its 
physiologic  activity. 

It  on  be  diidnish«d  by  to  excluUTc  niMl  diet.  The  iodin  administered  as 
■adoOiTria,  rtc,  is  aot  excreted  ■!  once.  The  colloid  is  secreted  into  the  lumen 
of  the  alveoli  by  the  epithelial  cells,  which  may  or  may  rot  undergo  dcstruc- 
lion  in  this  pfuceu  It  \s  discharged  from  heit  inio  the  lymph,  usually  by  nip- 
lure  of  ihe  alveolar  walls.  The  vacuoles  cxi^tinj;  in  ihc  culluitl  ore  probably 
■rti&cta.     Pilocarptn  docs  not  increase  the  colloid  secretion. 


7.    REI..\TION  TO  OTHER  GROUPS. 

The  Iftrge  proportion  of  itftUn  in  iodothyrin  might  lead  10  the  tboiifjht  that 
perhaps  the  iodin  iiself  had  a  siiiiilar  aetiun.  This  is  far  from  bcint;  the  case, 
for  the  action  of  the  litter  or  of  todid<h  in  intmvenous  injection  is  precisely  the 
o|i|)Mi>ite:  The  ejcdtability  of  tbr  vagus  fibei»  \i,  dimiiu^hed.  and  the  effect  of 
tbjrTDtd  mjertinn  \s  atioli^bed,  while  ihe  blood  pfrwure  is  raised. 

SfiJinm  fihenphiitt,  oa  the  other  band,  has  (be  same  action  on  vagus  endings 
as  iodcrthyrin. 

Tbrv  are,  thrrerorr.  two  anragoiii.Mic  (pnup.<<:    |</^   Ttxlntbyrin  and  sodium 
pboapitiate  incrravr  the  extri (Ability  of  the  vngus  and  depressor  endings  and 
■ttse  ■  fall  »f  blocd  prcuure.     (A|   Iodin  and  atrapin  diminish  the  excitability 
/  tbr  vagus  and  caasc  a  rise  of  blnod  prcitsnrr.     Tbyroiodin  would,  there- 
cone  nmreft  to  tkt  mtutann  grtup. 


^^C3H»e 


>  Bv  starting  from  thyreoglobulin,   Oswald   has   obtained   todolhyrin  of 
14.3I«'1- 
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8,  THHRAPKUTICS. 

(a)  Conditions  in  which  the  Fonctions  of  the  Thyroid 
Gland  is  Evidently  Defective, — In  these  tlic  benefit  persists 

onl>'  so  long  as  the  administration  is  continued. 

Cachexia  strumipriva. 

Qoiter. — The  form  of  poiter  which  is  most  conspicuously 
influenced  is  liypci plastic  follicular.  Complete  disappear- 
ance is  the  exception,  but  con.siderab]e  decrease  the  rule,  espe- 
cially in  young  patienLs.  Results  are  not  permanent,  and 
usually  there  is  a  relapse  if  the  remedy  is  discontinued 

Myxedema. 

Sporadic  Cretinism. 

(b)  Mi>re  obscure  are  its  actions,  if  indeed  they  exist,  in 
various  skin  diseases :  psoriasis,  ecxema.  lupus,  Also  very 
obscure  are  tlie  rc(n:'tted  benefits  to  uterine  fibromata. 

(C)  Obesity. — Since  in  these  cases  the  object  is  to  reduce 
the  fat  and  not  the  muscle,  and  since  tliyroid  increases  the 
nietabolism  in  b<»th,  it  must  be  joined  with  an  abundant 
protcid  diet,  noi'  sliould  its  administration  be  continued  a 
very  long  time. 

(d)  Since  it  has  been  observed  that  thyroidectomy  retards 
the  growth  of  bone  and  the  formation  of  callus  after  frac- 
ture, the  admin  1st  rati  on  of  thyroid  has  been  suggested  for 
filow-healing  fractures.  It  has  not  been  sufficiently  tried 
to  allow  definite  conclusions. 

fe)  Thyroid  Admini-ilration  h«»  been  suggested  for  diroDic  rhenmalism, 
gout,  Arieno^lerosis  rickcu.  inrtntilc  cachexias,  etc  It  is  doubtful  whctfacr 
it  u  of  aiiy  real  bcnetit  in  these  couditions. 


9.    SOME  COMMERCIAL  PREI'AR.\T10NS. 

*  Frtik  Sheep' t  ThyroiU,  preferably  raw  ur  bruile<l.      t^  to  \-^  gland  a&  dose. 

*  Thyroid  Tabiets. 

ThyroidaitN  Sifotm  (B.P.l- — ^The  dried  gland  of  the  sheep  ^^  6  parts  of 
fresh.     Duse :  0.3  to  o  6  Gm.  (i  to  10  grs. ). 

Liquor  Thyr>3idei  K^.V .\. — 100  minims  =  one  ghind.  Dose:  0.3  to  I  cc. 
(5  to  1$  minims). 

*  Ji'iiorhrnn  (Thyro-iodin). — llie  commercial  preparation  In  n  milk-sogar 
Intuiatiou,  containing  0.03',^  I  (instead  of  S-Z%)-  I'*  <^-"'  '^  '  ^^  ^  ^"^ 
per  day. 

HI.  PITUITARY  BODY  (HYPOPHYSIS  CEREBRI). 

Injections  of  cxtrncls  prepareH  from  eh*  hypophysis  proper — ».  e.,  the  por- 
tion of  the  uland  which  poK$es^s  a  ^tniclure  resembling  the  thyroid — biT« 
very  little  tmcx  be)-ond  a  ;dtght  ri»e  of  hluod  pressure.     The  active  part  af  the 

*  Not  official. 
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is  Uie  fv$iet-ior  portion — the  iinfimdibulor  body.     The  effects  of  injection 
Aracis  made  frum  tliis  niay  be  sammamtti  %&  rullowi^: 

1.  I'asoctmitrtrtioH  with  rise  of  bloiicl  pressure. 

2.  StimHlalicH  of  tkf  i<a^vj  fftu/y  and  imrtauti  irrUatUUy  of  tk<  tragus 
ftn/tHgi  (ui  ftctioii  antAgoniMic  to  atropiii). 

3.  Dtgifalis  action  on  ilu>  cnnlini'  niuscle  (Porter's  prepantion),  conM<(tin.g 
of  k  ilowiag  with  iDootsing  tonus.  1  be  amplitude  is  first  inaeased,  then 
Icsauwd. 

TIk  effect  of  different  extmcts  \s  quite  v&riahle  in  the  predominance  of  tlte 
OLrdiiic  And  nuonioior  actioiLs  respectively.  O'on,  therefore,  iissumes  two 
ifpantft  hi*JUf,  the  lir»t  (hypophysin)  nctiiif'  un  the  heart,  ihc  secoud  on  the 
blood  pre«wre. 

AmUc  fiOEU  ila  aecretioQs,  the  bypophy^^ii  seems  aliK)  to  CDiitrol  the  circula- 
tion in  the  same  *eM»e  through  nervous  connccliunii.  Indeed,  it  seems  to 
funn  an  tittntial  HhA  im  thf  fhain  for  tffU'x  itimulation  of  iht  I'ugus  itHter: 
Cyun  obtained  by  electric  or  mcchanicm  stimulntiun  of  the  f^lnnd  a  sluwiug 
of  the  heart  whiih  b  abolished  on  .•<-<:lioii  of  the  vagi.     The  usual  letlexcs 

fiviiig  nic  to  ragu$  .siimuUiion,  rise  of  bltiod  prcssurr,  inhnlntion  of  aminonia 
T  rabbits,  etc.,  do  not  occur  when  the  hypophysis  i»  destroyed.  Although 
this  wems  lo  be  a  link  in  the  noruial  (Milh,  it  i&  not  an  iiidbipenAnble  I'aclor  in 
these  reHescft ;  for  in  many  animals  it  is  entirely  atrophied  and  <locs  not  rcsjwnd 
to  stiiDulaiion  and  it.t  secretion  is  inactive. 

Cyon  asmimes  its  futufitms  to  be  the  regulation  of  the  biwsi-sttpply  of  Iht 
Xhrsin  tbmagh  the  general  circulation.  Since  it  i-s  exposed  lo  the  same  condi- 
a3  the  bmin  itself,  a  rise  in  the  inlmcraninl  pressure  will  stimulate  it 
dtmnically,  and  this  will  cause  a  slowing  of  tin-  hcnrl  aud,  cunsc<{ucrilly,  a 
drncy  to  lowering  of  the  pressure.  Thc»c  nervutut  functions  are  supported 
[by  il3  chemic  ^cretions. 

In  thi*  »ay  it  is  able  lo  ttippiemeni  or  replttee  the  efftet  of  iofiothyrtn  00  the 
I'beAJt,  although  it  acts  through  an  entirely  different  mechanism — 1.  e.,  cen- 
[bmlW. 

The  effeeft  of  exeiiion  of  the  gland  resemble  those  of  thyroidectomy,  point- 
\  ing  lo  the  impciilAnce  of  both  to  the  circulatioti  of  the  brain.     These  s)'mptomi 
arc  usually  relieved  by  injections  of  the  extracts. 

The  gland  is  usually  futmd  atrophied  in  uti'omeg'ily,  a  condition  of  gigan- 
I  tic  orerMvelopment  of  tlie  extremities,  skull,  tongue,  n^sat  raucous  membranes, 
*c-,  and  by  vanous  \isual  disturbances  ;  bnl  a  cau-tnl  connection  between  these 
||w»  cannot  be  coniidercd  as  defiuitcly  proved.     Nor  have  result*  of  its  ther- 
apeutic use  in  this  disease  been  al  all  eucouruging.     The  dried  extract  is  used 
iu  do»e$  of  about  o.  I  Gm. 


IV.  THYMUS. 

Experiment*  with  this  gland  have  noi  yet  led  to  any  very  sinking  results 
Thi*  might   have  been  predicted  from  it*  hislolngir  siructure,  since  it  con.sists 
^-exclusively  of  lymphoid  cellt     The  same  holds  of  the  spleen. 

I~>n  acoounl  of  tlicir  contents  i>f  nucleiiis,  they  are  said  to  stimulate  the  pro* 
^tuftoH   of  hlooii-fitrpMselet.     They,  as  well  as  Imne  mamiw,  have  been  tried 
rickets,  anemia,  chlorcKis,  and  leukemia,  but  without  great  success.     The 
ariras  exlntcts  may  be  uwhI, 
Tbcse  nadetns  have  of  recent  years  been  extensively  tried  for  varioos 
affections,  and  so  far  it  is  impossible  to  »y  anything  detinite  about 
They  are  converted  iiilo  xaiiihiii  bodies  in  the  organisms.     They  arc 
ihiisphitTUs  and  are  not  dpslroyed  by  peptic  digestion.    Mndtrr  the  action 
lies  they  ate  split  into  an  albumin  and  into  nudtic  aiid.  which  Intter 
ibr  phospborus.     It  is  used  in  haemophilia  (a.s  also  nuclcin),  and  as  a 
CaiUttC.     (It  is  claimed  that  it  de>>Cn>ys  diseased  tissue,  but  leave^  healthy 
intact.  I    NucUin  \%  nude  cither  from  yeast  or  from  spleen.    It  occurs 
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as  a  powder,  solnhic  in  weak  alkalies.     It  ts  given  by  mouth  ia  daily  doses  of 
3  lu  3  ('[■■■  ui  subculiLueausly  as  I  c  c.  of  0,5$^  »ulutioii. 

Yra.^t  has  recently  been  recatnInendl^d  (by  moulh  and  locally)  against  ftu- 
DncuIaM».      More  extended  obMrvation  is  needed  to  establish  its  value. 


V.  PANCREAS. 

Allhougli  this  gland  has  for  tis  most  coruplcuous  function  an  external  seoe- 
lion,  its  iulemal  secretion  ia  nunc  the  less  iin|>ortant.  Its  renwt^l  leads  to 
gfycctun'a,  with  acetnniiria,  polyuria,  great  thirst  and  hunger;  tn  facl,  cundi- 
lionsclo«cly  analogous  to  diabcteiy  mellitu^.  This  glycosuria  occurs  ei'co  wbca 
carbohydrates  arc  withheld. 

It  can  scnrccly  be  conuUered  as  decided  whether  these  efTects  an  due  10 
Ihe  absence  of  some  suliilance*  produced  in  the  pancreas  ot  whether  the  cells  of 
tills  orgKu  arc  themselves  necessary  li>  the  normal  carbohydrate  metal»lism. 

NVhilc  it  doe»  nut  seem  impruliahle  thai  Mjuie  cases  of  lim^tin  in  man  are 
connected  with  diseuM;  nf  the  pnncrens,  it  must  be  confMsed  that  Bdtnini*>tnition 
of  (he  powdered  tubsiance  or  extraa  lift's  not  been  ibempeuUcally  succes&ful 
in  these  conditions. 

VI.  PHLORIDZIN. 

This  is  a  glucoaid  found  in  ihc  nml  bark  of  the  apple-  and  other  trees.  Its 
■dministration  prodiice.4  efTecIs  which  sii|)criicially  re«<emt>1e  excision  of  the 
paocrcas.  The  nio^t  marked  of  these  arc  gfviOJUfM  anj  a<etoHurta,  and  a 
^reat  incrtait  in  ihr  nitrogen  mfUihoHtm  (as  much  as  six  times  the  nunual). 

The  action  is,  however,  really  very  difTerent  It  nflfccis  prinianly  not  the 
metabolism,  but  only  the  tftilHflmm  i*f  tht  kuiiuyi,  rendering  this  more  fitr- 
mtahit  to  sugar  In  tliis  way  the  sugar  leaves  the  bloud  and  body  veryrapidly. 
As  long  as  the  stored  carbohydiates  t>f  the  body  ate  sufficient  to  make  up  (■>r 
this  loss,  the  protcids  nic  not  ajfrcird,  but   later  these  ure  decomposed  by  the 

r"[(ling  off  of  the  carbohydrate  molecule.  The  dextrose  and  nilmgen  in  urine, 
n,  always  present  n  delinilc  relation  13-75  \>:  I  Ni.' 

As  to  lifflonMrin,  thi.'i  seems  lo  result  in  all  forms  of  fitully  carbohydrate 
mttaboliun  ;  especially  in  any  condition  in  which  an  insufficient  amount  of  cnt- 
bohjrdrates  i»  burned.  Such  a  conditiou  may  result,  as  in  the  ptcsent  case,  from 
an  nbiHHinal  drain,  or  it  may  be  the  result  of  diminished  capacity  for  using 
the  nigar,  as  in  pancreatic  diabetes ;  or  of  an  m.Mifficienl  supply,  as  in  carbo- 
hydrnle-free  diet.  Since  the  aceti.xne  and  oxylnilyric  acid  which  always  acoum- 
pnny  it  fonn  the  dangerous  clemeiu  iii  the  diabeiic  coma,  it  will  be  cirar  bow 
the  reduction  of  the  carbohydrates  in  the  diel  below  a  certain  limit  will  become 
detnmeiital.     (Seep.  23o.  I 

Acrlone  ts  also  increa.-ied  by  an  exrevsive  omonnl  of  fat  in  th*  food,  being 
probably  at  least  in  pnrt  formfd  from  the  fatly  arids. 

Like  all  thoM  drugs  which  efleci  u  large  iiKrease  ta  the  nitrogea  melab- 
olUn,  pfaloridjun  causes  a  fatty  infiltration  of  the  liver. 
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VII.  KIDNEYS. 

Even  this  organ,  whosr  function  is  so  cnnspininitsly  connrctrd  with  extpfw 
nal  secretion,  apiKnrs  also  to  be  charged  with  the  function  of  tntemal  vck- 
lion.  This  action  is  lai^ely  mttabolk  :  removal  of  a  targe  jjortion  of  the  kidney 
increases  the  proirid  waste  of  the  body.  It  cannot  l>c  slated  whether  this  i* 
couoected  with  a  chemic  siibMance. 

Kiditey  extracts  otso  have  some  action  on  the  dreutation.     The  effect  oa 

'  Some  recent  experimenters  claim  thai  the  proieid  destruction  is  only  lec 
ondary  to  a  fat  destiuction,  and  that  the  sugar  is  derived  fium  the  latter;  alao^ 
thai  the  miio  D  :  N'  mav  faH  as  low  as  1.8 :  I. 
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ibc  iwUted  he«rt-niuKle  is  ctnnpamlively  »niall.  Il  ouusUu  in  leueited  tunui. 
sligtil  ftluwiog,  and  increoscil  amplitude.  The  blood  pre^nure  falU  at  firMt,  ttien 
titeu  ThcK  effects  are  tv»t  due  In  urea,  which  cAiisrs  in  thr  iu^lnted  htan  a 
«ligbi  iDcrtasc  in  Ibe  (onus,  with  some  acceleration,  ind  sLigbt  incrcRM  of  (txte. 
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VMI.  SEXUAL  GLANDS. 

ExtiqDation  of  the  sexual  glands  was  amongst  the  earliest 
sui^ical  operations,  and  thus  it  could  not  fail  to  be  noticed 
tliat  it  is  followed  by  very  marked  psychic  and  physical 
changes.  But  the  subject  w.xs  neglected  therapeutically 
until  the  announcement  by  Brown-Sequard.  in  1889,  of  the 
remarkable  stimulating^  qualities  w  hich  he  noticed  on  h>'po- 
demiic  injection  of  orchitic  extract. 

This  discovery  was  exploited  in  so  sensational  a  manner 
that  the  whole  subject  was  in  <)angt.-r  of  falling  into  discredit. 
While  the  somewhat  extravagant  claims  of  tlie  discoverer 
must  be  considerably  discounted,  numerous  independent 
obscr\'crs  have  shown  by  the  ergogra]>h  that  it  causes  a 
marked  utcnasf  {1$%  to  20  fc)  of  power  for  tfoiuntarv  mus- 
cular work. 

This  action  has  been  attributed  by  Poehl  to  the  base 
spermJH  (C^H,,Nj).  While  this  is  rspecially  abundant  in 
this  extract,  it  also  exists  in  many  other  tissues.  Its  actions 
on  the  heart  and  circulation  resemble  those  of  (-//*»//;/,  which 
is  also  present  in  tlie  orchitic  extract.  Its  phosphate  forms 
the  "  Charcot- Lxyd{H "  cr)stals  found  in  sputa,  etc.  The 
action  of  these  substances  is  supported  by  a  nuclcoproteid, 
\«Iuch  causes  a  slowed  heart  and  fall  of  blood  pressure 
through  stimulation  of  the  vagus  center,  and  dilatation  of 
the  splanchnic  vessels,  also  through  the  center.  The  orchitic 
extract  applied  to  the  isolated  heart  (Porter  and  Langendorff 
method)  shows  increase  it)  force  and  frequency. 

Much  more  conspicuous,  however,  are  the  eflects  of  the 
sexual  glands  upon  metabolism.  This  was  first  observed 
clinically :  Afttjr  the  climacteric  or  oophorectomy,  obesity 
occurs  in  about  40  J^  of  the  cases.  The  excision  of  the  tes- 
ticles has  much  less  effect.  In  addition  to  this  increase  of 
f;it.  the  loss  of  the  ovaries  also  brings  with  it  a  ver\'  charac- 
teristic train  of  phenomena,  generally  attributable  to  spasms 
of  the  vasculai  system. 

The  subject  has  recently  been  studied  experimentally  on 
bitches  by  measuring  the  heat  production.  A  very  marked 
decrcanc  of  this  is  found  after  the  operation — i.  €.,  oxidation. 
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and  consequently  carbon   and   hydrogen  metabolism,  arc 
diminished. 

Tiiis  effect  is  abolished  by  administration  of  ovarian  ex-. 
tracts  by  the  mouth.  In  other  words,  ovarian  substance  in- 
cft'asrs  oxidation  7uith  the  castrated  animal,  even  somewhat 
above  the  normal  amount.  On  the  normal  animal,  on  the 
other  hand,  it  has  no  such  effect 

Males  show  exactly  llie  same  pbcouiucno,  but  moch  less  marked.  Tbe 
spcnriKtic  extract  has  the  «imc  action  as  the  orarian  on  both  mxck,  but  the 
uvarittij  is  much  tiiore  powerful. 

The  metntHiliL  fuuclioii  of  lite  ovaries  U  to  aowe  extent  supplemented  by 
lite  utcniA.  Thi;  <limiiiulion  of  heat-productton  docs  tH>t  reach  its  niaximam 
until  the  iil<-riis  has  undci'goiie  atmphy. 

Admiriistntlion  of  uvnrian  substance  doea  not  prevent  atrophy  of  tbe  alenu 
after  excision  of  the  ovary. 

Th^'rapcutically,  ovarian  tablets  have  been  found  quite 
successful  in  all  the  conditions  followinj;  the  functional  loss 
of  the  ovaries.  They  have  also  been  tried  in  chlorosis,  but 
without  decided  benefit. 

Extracts  of  the  mammary  and  parotid  glands  have  also 
been  tried  against  uterine  fibroids,  but  the  beneficial  results 
which  have  been  reported  can  scarcely  be  accepted  until 
further  confirmation. 
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MATERIA  MEDICA. 

TcBticutar  Extracts  (from  Bull  or  Rnm)  : 

*  Tntfs  Siccali  Putv.,  DiJymin,  Tutin,  Ttitii, — Dry  glands  or  axtncts. 
£>oie  :   I  Gm. 

*  SfiermiH  P»tkl. — I  to  6  c.c.  of  %%  <w>lution,  hypodermic. 

*  Su(fuj  e  Teitihm. — Licpiid  preparation.  15  c.c. 
Ovarian  Extracts  (Cow  or  Swine  i  : 

*  OopkifrtH^ — A  dr>'  extract,  ten  times  as  .-ttmng  as  fiesh  ovaries,     Dett ;  I 
lo  2  Gm. 

*  Ovariinum  Sieeum. — Five  times  as  strong  a»  frcfih  glands. 

*  Not  officiaL 
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CHAPTER  XIV. 
APOMORPHIN  ;  EMETIN  ;  EMETICS. 

(A)  APOMORPHIN. 
This  is  a  base  formed  by  dehydrating  morphin  through 
the  action  of  concentrated  mineral  acids : 

C,.H,,NO,-H,0  =  C„H„NO, 

Morphin.  Apomorphin. 

It  has  lost  almost  all  the  narcotic  action  of  morphin  and 
shows  a  further  development  of  the  excitant  effects  which 
were  noted  in  the  action  of  the  former  on  certain  animals 
(see  p.  199)-  It  shows  in  addition  a  depressing  action  on 
striped  and  cardiac  muscle. 

I.  SUMMARY  OF  ACTIONS. 

1.  Irritation  of  the  central  nervous  system,  and  partic- 
ularly of  the  vomiting  center  in  the  medulla. 

2.  Depression  of  striped  and  cardiac  muscle. 

II.  DETAILS  OF  ACTION. 

I.  T3ie  irritation  of  the  central  nerrous  system  is 
shown  first  and  mainly  upon  the  vomiting  center,  its  action 
being  so  specialized  that  small  doses  give  rise  purely  to  the 
symptoms  of  emesis  without  developing  any  other  direct 
action. 

The  vomiting  is  preceded  by  the  classic  symptoms  ol 
nausea,  which  must  not  be  ascribed  to  a  direct  action  of 
the  drug.  They  are :  a  feeling  of  sickness,  lassitude  and 
weakness,  increased  secretion  of  sweat,  saliva,  mucus,  and 
tears,  a  sensation  of  warmth.  During  the  act  of  vomiting 
there  is  also  an  increase  of  respiration  and  pulse,  and  of 
blood  pressure. 

The  nausea  symptoms  are  also  obtained  from  doses  too 
small  to  produce  vomiting  (i  to  2  mg.  every  two  hours  by 
mouth). 

With  the  usual  hypodermic  dose  (5  to  10  mg. — j^  to  \ 
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grain)  vomiting  occurs  in  man  usually  inside  oK  fifteen  min- 
utes, and  the  nausea  usually  disappears  very  quickly  ;  it 
may,  however,  persist  for  some  time  and  the  voniiting  be 
repeated.  Even  collapse  may  occnr,  simply  as  the  result 
of  the  vomiting,  and  not  as  u  direct  effect.  It  is  not  dan- 
gerous. 

The  vomiting  with  apomorphin  is  mainly  of  central  ori- 
gin. 

The  fad  that  it  occurs  more  quickly  koA  with  r  smaller  doAc  if  the  drug 
is  HclniiniMrreH  hyjKxlennically  llmii  tvlicn  it  Is  fjivcii  liy  Momach  would  point 
to  this.  And  even  more  direct  pnK>f  con  be  fumiBheJ  :  After  the  blood-ves- 
sels supplying  the  Mod*- 
/ach  have  been  li);aiured, 
apoTn<>n>hiii  i>rnducc«  no 
effecl  when  placed  in  this 
organ,  l>u<  aci»  whra  in- 
jected into  ibr  general 
drcuUtion  (fn^m  which  it 
carioot  irach  tlie  stoni- 
■ch|.  Its  centtml  action 
is,  however,  supported 
very  slightly  by  a  l^cmi 
one,  since  it  cniMen  weak 
contraction  in  the  excised 
stoiuftcfa :  but  tiii»  plBjr* 
n  very  '^iilmri'linale  rOle. 

3.  Ifihednig  is  tftkcD 
in  im-  latgt  tioies, — uid 
eKpecially  by  animalt 
which  are  incapable  of 
votniting,' — it  exhiliiu 
its  irrilanl  effects  u)>aa 
the  rest  of  the  ccutral  ner- 
vous iyfcteiu.  It  catnes 
Itrrnt  reMle-iMie^s  with 
circus  movements  eicitemeiu,  nnd  lerror.  The  respimiinn  i«quickenei].  Cuo- 
vuUions  wt  in  and  death  vx'air«  through  poraly^in  of  refpirntiuD.  Thru:  gcoeni 
irritant  elTrct^  arc  never  piir]Miif1y  prtHluced  in  man,  and  are  rarely  witne^aed. 
Very  minute  dose»  (ap  to  2  mg.  in  ma.11)  are  ^ItRhtly  hypnotic. 

3.  The  irrilahilily  of  striped  muscle  \s  mudi  diminished  and  finally  abol* 
Uhcd  by  it  in  frogs  [  Ki^;.  58),  but  this  a<rtinn  luu  not  been  »hown  in  mammutti  : 
the  muscular  wenknes^  witnessed  in  the  latter  depends  purely  upon  the 
nausea. 

4.  A  umilnr  action  is  -ihown  on  the  cardiac  muscle :  it  Mopt  the  halt 
«Teo  after  atropin  (see  p.  294). 

5.  It  paralyzes  ncrvc-celts  and  ganglia  on  direct  applicatiou, 

'  Fish,  frog,  toad,  and  lizard  vomit  easily  in  certain  seasons  (June  aad 
July  best,  January  and  Kebruary  worst),  and  stomach  uiuM  be  tilled  with  food 
All  birds  vimiil,  but  from  the  cn>p,  nnd  not  from  the  ilomach.  Hogs  moitt 
willi  difficnlty.  Olhcr  animals  with  paired  htxrfs,  insect  eaters  and  cajnirnruvti 
vomit  ejuily.  Aiiioials  with  odd  buof»,  ruminants,  and  rodents  cnunul  voaitt, 
althoufjh  Inrgr  duscs  of  emetics  may  cauMr  j^alivation  and  nau-ica.  It  IS  well 
known  that  young  children  vomit  very  much  more  easily  than  adults. 


Fig.  S^* — Aponiurphia  00  frog's  muscle. 
Make  and  break  shtjcks :  A^  Normal ;  Hy  aflcr 
lying  in  1:500  apomorphin.  The  contractions 
oie  TuwcmK  the  relaxati^m  lengthened,  and  the 
muscle  is  very  quickly  fatigued. 
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III.  TOXICOLOGY. 

Tbc  luxicoloi^  of  ftpomciq>hin  is  nnt  impnnanl.      U  ik  not  excrftai  jnlo 
«h  like  morphin,  but  is  probably  dt-comfoscd  iii  tlic  organism. 
hraikm^  asfnios^mtH,  fjutbraihamin,  oiicl  aif'iJi»fvr'HiH  have  a  ^Bli- 
r  acXioa,  bat  vomiting  is  oot  so  prominent  a  xymptom. 

IV.   MATERIA  MEIiICA. 

,•»  AponiorphinK  Hydrochloras  (U.S.P. ,  B.P.)- — Grayish  powder,  quite 
soluble  ill  waier      A*  an  emetic,  5  to  10  my-  arc  given  hy[xKieriiiimlly  iu  1% 
.soCutioiL      A^  nn  expectorant,  2  mg.  i>er  muulh.      'Hie  Mfiultuii:*  \tvcume  grem 
1  tbe  ligbt,  but  l)iu  cban^  does  not  j^ally  les&cn  (heir  iicli%'ity. 
/mffitia    A^mfrf^hur    Hyp^ifrmi.a   (11. P.). —  \fg.      ^']'i>  l>e    freshly  pre- 
d.)     Doit :  o-j  too.6c.c.  (I  iti  10  miniinft). 
7%eropeuHi'tt  see  page  326. 

OsrJimoi-pHiM  (s«e  p.  312)  is  another  morphin  derivative  with  a  soinewbnt 

-  action  :  Wcakcoing  of  lirnrl  and  ciixtilntioii ;  Inter,  drgrni'raiions  :  in- 

peh»Uls.s;   rmiral    voMimotnr    par-ilyns;  death    through    rpijiiralnry 

attndstUI.     The  resemblance  of  tht-sc   to    the   "  willidrawal  "    jynipliwns  nf 

I  ia  qnilc  mnotc,  nor  an:  the  two  atitjdutal,  hk  was  furmerly  claimed. 


(B)  EMETIN  (IPECAC). 

I.  OKIGIN. 

Ewutm  was  until  recently  suppo.-<ed  to  he  a  siiigle  alkaloid,  but  at  present 
Altowutocoiuirtuf  twDbaxs(cepti.t;liii  aiidenieiin)  of  nearly  ulciitlail  action. 
i>  tbc  active  principle  of  ipecac,  nmi  pciliaps  atnoof  »omc  nllicr  cmclJc 
ugi ;  bat  it  t«  always  employed  In  practice  tn  the  form  of  galenic  prcpara- 
1U.V  of  ijMxae 
1(»  action?  bear  a  grncml   resemblance  to   thnvr  of  apomorphin,  but  with 
nl  point?  of  dilfcrcntc,  etpevinlly  astrnuKcr  local  uclion. 
litfunt  (l-'cver-wurt.  Caprifolutcci: ;  Nurtb  .\incrica)  also  sccnu  to  be- 
long Id  thiapoup. 

^B  n.  SUMMARY  OF  ACTION. 

^H^   I.  A  strong  local  irritant  effuct,  e.xertcii  particularly  on 
^Hbe  alimentary  canal,  resulting  in  vomiting  and  diarrhea. 
^H    2.   IUxcJtation  with  fullowing  paralysis  of  the  central  ner- 
^wotis  s>-5teni. 

^^     3.   A  weak  apomorphin  action   on  striped  and  cardiac 
muscle. 

PlII.  DETAILS  OF  ACTION. 
The  phenomena  of  Tomiting  and  nausea  are  the  first 
and  most  prominent  s\niptunis.  and  present  the  clinical 
picture  described  under  apomorphin  (p.  331).  This  action 
^^B  probably  both  central  and  local.  It  is  produced  mtuh 
^■*<vr  siawiy  tliaii  in  the  case  of  aponiorphiii.  and  tlie  nausea 
^Bi  in  consequence  more  prolonged.  I[x;cac  increases  the 
^^^Oi'heal  ucretion,  even  when  given  intravenously. 

If  the  drug  has  been  given  by  the  stomach,  it  is  usually 

The  most  iioponaut  preparations  are  marked  ,%. 
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voided  by  the  vomiting,  and  no  further  symptoms  appear  ; 
but  if  it  was  administered  hypodcrtnicaily,  the  vomiting  is 
followed  by  diarrhea,  which  is  often  bloody. 

Central  symptoms  niake  their  appearance  after  large 
doses. 

Paralytic  syinptoiiis  set  in,  among  tlic  earliest  in  mam- 
mals being  vasomotor  paralysis  with  fall  of  blood  pressure. 
This  is  further  aided  by  weaki-ning  of  the  heart  wuscU  due 
to  its  direct  muscle-action,  and  this  results  in  diath.  If  the 
action  has  lasted  any  time,  the  autopsy  will  show  a  marked 
gastro-cnteritis,  with  ecchymoscs  and  even  ulcers. 

Edema  of  the  lungs,  from  the  liypcrsecretion  of  mucus 
and  the  weakened  heart,  is  also  frequent. 

The  local  irritation  is  one  of  its  important  effects.  It 
may  give  rise  to  conjunctivitis,  bronchitis,  pustular  erup- 
tion on  the  skin,  etc.,  according  to  the  place  to  which  it  has 
been  applied. '  On  hypodermic  injection  it  is  very  apt  to 
produce  local  abscesses,  and  m<irc  remotely  tlie  gastn>- 
enteritis  already  mentioned.  In  smaller  quantities  it  pro- 
duces, esjjccially  wlien  given  by  tlie  mouth,  a  moderate 
congestion  of  the  gastric  mucous-mcmbraue,  which  may  be 
very  desirable  in  the  treatment  of  some  dyspepsias ;  and  it 
also  influences  the  intestinal  mucous  membrane  in  a  favor- 
able manner  in  tropica/  dysentery. 

Since  the  desired  actions  of  emetin  are  the  local  ones,  it  is 
always  used  in  tlie  form  of  preparations  of  ipecac,  in  which 
its  absorption  is  retarded  by  the  presence  of  tannin  and  ex- 
tractive matter. 

IV.  MATERI.A  MEDICA. 

Ipecacuanha  (U.S. P..  B.P.).— Thf  root  of  Ci^tis  Ipreatuanha,  Robi- 
ace^e.     South  America  :  cultivated  in  Iiidiii. 

Primipni  (onuitutnti :  Ttic  active  alkaloids,  cmetio  and  cephsclin  ;  tannic 
add  and  a  volatile  oil,  etc. 
Simpte  Preparatiom  : 

Extraetiim  Ipecaiuanhs  FluiJum  (U.S.P.,  three-lburtbs  alcohol)  \B*t, 
Iptc,  LifuiJum,  B.P.,  alcohol ;  assayed  lo  coniain  3.25%  alkaloid^].  jDwe: 
As  expectoranl,  0.05  tu  oj  c.c.  1 1  (o  5  niiiiiiiu) ;  as  emetic,  2  c.c.  (30  niiiuus). 

Hyrufyus  J/^cacuanh^  (U.S.P.  1  (contttiivs  Acclic  Acid). — T-$%-  D^t: 
As  eEpeclomnt,  o.  j  to  t  c.r.  (5  minims  In  I  drachm). 

^^llnum  ff>*(acuanhit  (L'.S.P.,  XO%\  \^V.,  ^%  j  assayed  to  contafti 
0.1^  of  alkaloids],  Di>st :  As  cx|>cictorant,  0.5  to  2  cc.  (lo  to  30  Htinuns^i 
u  emellc,  15  to  25  c.c  (4  to  6  drachms). 


^  Some  persons  are  so  sraidllve  lo  ibe  local  action  of  ipraic  that  the  open- 
ing of  a  jar  at  a  distance  of  several  feet  wilt  produce  violent  sneezing  and  db- 
comfort. 

The  most  important  preparations  are  marked  ^*^ 
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Aeetum  Ipf<acnnnka  (RT.). — As  the  wine. 

Tr^kiui  Ipetacumnhtt  (U.S.!*.,   ^  gxaio — 0.02   Gin. — each)   [B.P.,   % 
in— 0.01$  Gm. — each]. 
wt/ound  PreparattcHi  : 

^*^Pmhii   //ecamanAa  <t  Ofni  {U.S.P.)  [^Pu/vii  ipct.  Comfiot.,  B.P.]. 
i«yr*i  PvuKitr. — loff   of  each  active  ingredient.     Dust:  0.05  to  0.7  Om. 
(1  to  10  gn  ). 

TffHhun  Marphintt  ti  /pcianutmka  (U.S.I'.,  B.P.). — Each  cuntains  iV 
kin  ^o  cx)l6  Gm.)  of  inorphin  sulphate  [hydrochlorale,  B.P.]  and  ^  gnun 
1^0.005  Gm.  ]  ipecac. 

^*,  Tinclurn    tptcamanha  it    Opii^    U.S.F. — Conbins    lo^    of    each. 
D»ie:  0.3  to  1.3  c.c  (3  (o  somininu). 


r 


(C)  THERAPEUTICS  OF  EMETICS. 
I.  PHYSIOLOGY  OK  VOMITING. 

The  act  of  vomiting  consists  in  an  upward  emptying 
of  the  stoniach,  produced  by  a  contraction  of  its  walls 
and  its  compression  by  the  abdominal  muscles,  joined 
with  a  simultaneous  closure  of  the  pyloric  and  relaxation 
of  the  cardiac  sphincters.  Wlicii  the  compression  of  the 
organ  and  relaxation  of  the  .sphincter  do  not  occur  .simul- 
taneously, racking  results,  the  contents  being  retained. 
This  frequently  precedes  the  vomiting.  A  still  earlier  stage 
presents  the  phenomena  of  nausea  as  already  detailed.  The 
act  of  vomiting  is  a  reficx  one,  and  to  some  extent  phy.sio- 
logic,  esfwdally  in  young  children,  where  it  has  little  more 
signi6cancc  than  sneezing.  It  is  controlled  by  a  nerve- 
center,  sittiatcd  in  the  proximity  of,  and  closely  related  to, 
the  respirator\'  center.  The  reflex  arch  mi^ht  be  stimu- 
lated at  any  part  of  its  course,  and  vomitini:^  thus  produced. 
Tlie  center  may  be  directly  affected  by  concussion  or  pres- 
sure on  the  brain,  and  by  drugs  which  we  will  call  ** general 
em  e ties," 

The  rt0fxet  majT  take  Ihrir  origin  in  many  organs:  from  ihe  athnentaiy 
caooJ — pharynx,  stomach,  and  irxe-^ine  ;  from  itie  special  !iens«s — by  Mght, 
norll,  or  taste  ;  but  in  these  cases  ibc  effect  results  more  slHctl}'  from  a  psychic 
cauae  than  directly  from  the  sense  orgiins.  DiMurbance  of  the  mechanism 
of  equilibrium  if  also  an  rffertive  rau«^,  a.«  in  vertigo  arxl  (efl-«icline«s.  The 
inputes  may  also  arise  in  tlie  gall-duel,  kidney,  ureter  and  bladder,  sexual 
or^ns,  etc 

Such  irritation  may  be  obtained  by  any  of  the  known 
forms  of  stimulation,  and  consequently  also  by  drugs,  the 
alimentary  canal  being  the  most  convenient  point  for  attack. 
We  will  call  drugs  acting  in  this  way  heal  emetics.  There 
is  still  another  form  of  local   emetics  conceivable,  namely, 


The  most  inpartant  preparations  arc  marked  «*^ 
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those  which  should  act  directly  upon  the  muscular  wai/s  of 
the  stomach  without  the  intervention  of  the  reflex  mechan- 
ism. But  since  contraction  of  the  stomacli  alone  does  not 
usually  result  in  vomiting,  and  since,  further,  all  the  drugs 
which  produce  tiiis  irritition  also  produce  at  the  same  time 
a  reflex  irritation,  they  may  well  be  considered  witli  the  last 
class.  We  have  then,  according  to  their  seat  of  action,  two 
classes  of  emetics — local  and  general. 


U.   ENUMERATION  OF  EMETICS. 

Any  irritant  substance  may  act  as  a  heal  emetu  when 
brought  in  contact  \vith  tlic  lining'  of  the  alimentary  canal 
and  especially  of  the  stomach.  The  number  of  irritant  sub- 
stances is  very  larye — they  include  practically  everything ; 
even  water  in  sufficiently  lar^e  quantity  lias  tliis  eflect,  espe- 
cially when  warm,  and  is  indeed  used  as  an  adjunct  to 
other  emetics  (its  ciTect  being,  however,  largely  mechanical). 
Besides  the  substances  which  have  specific  irritant  proper- 
ties, those  otherwise  inert  may  initate  by  their  siilt  action  if 
they  are  soluble,  or  by  their  mere  presence  ii  they  are  not 

Of  cnune,  Ihese  iic(iuii»t  are  in  very  many  vxxm  iiol  Mror^  rnnugh  Id  nt» 
diice  even  a  irace  of  iiaii!tea ;  n«veribek»,  the  numLter  of  substancei>  wbkb 
may  pruduce  en)Mi»,  (.-ithci  Xty  Uieir  local  ur  icciirtnl  actiim,  aflbnlsavcry  Ui]ge 
inutcrinl,  llie  greater  pail  af  wliivh  N  valiirtcu  for  ixnclkul  use,  siiuT  vumitinc 
fomis  only  one  fac(i>r  in  iheir  action.  Iluwerer,  it  has  been  possible  to  select 
a  cumparativcly  snuiil  number  whicb  shuw  freedom  from  other  artioiuk  tl 
shouln  fniihcr  be  MJd  ihitl  vri^-  manv  of  (he  imbAlancc»  which  we  are  do*  to 
conitidcr  have  a  centnit  action  as  wel[  ■«  a  local  one.* 

Amongst  local  emetics  we  have:  /.  AU salts,  and tsp€' 
daily  the  metallic  sails.  I'.specially  Zinc  and  Copper  Sul- 
phate and  Tartar  Emetic  and  Ammonium  Carbonate. 

3.  Tlwse  acting  en  mttsclfs  or  ccutrifugal  ncrfous  median- 
ism :  Nicotin,  Morphin.  I'ilocarpin.  Sau^uiuana.  Thytolacca. 
JLobclin,  Muscarin,  Physostigmm.  etc. 

.?.  Vegetable  irritants:  Ipecac,  Senega,  Mustard,  0Htf- 
laja.  Digitalis.  Squills,  Quinin.  Carbolic  Add.  etc. 

Of  general  emetics,  Apomorphin  is  the  main  rcprc- 
sentati\e. 

III.  USES  OF  EMETICS. 

Emetics  arc  used  for  two  very  diflercnt  objects  :  to  /n*- 
duce  vomiting  or  to  produce  nausea.     The  same  drug  will 

^  Italici  sii^ify  that  the  drug  is  ut>cd  mainly  a»  nauscant ;  small  capitals  ** 
emetic ;  heavy-lace  type,  for  both  ptiqmses. 
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accomplish   both  objects,  the  dose  for  the  Utter  purpose 
being  about  onc-tentJi  of  the  emetic  dose. 

Thr  Mvenil  dnigt  are  especiftlly  ndnpi^d  to  one  or  the  other  porpo^e, 
and  il  a  wrll  U>  make  a  Mleclioii  accurdinglj-. 

'Hie  indicaiioru  for  ihe  u»v  01  ■.'meiir>>  were  fonnerly  very  numerous  and 
getieral,  but  i))cy  ore  dov  obsolete  except  foi  very  delinite  objecu. 

X.  The  nauseant  stage  is  used  mainly  in  the  treatment 
of  catairhnl  conditions  and  coughs.  The  increase  of  secretions^ 
especially  mucus,  is  the  desired  feature  in  this,  and  they  are 
only  useful  when  this  is  defidtrnt  or  thick  and  tenacious. 

Since  the  nauseant  slage  is  lo  be  pmlonged  without  rcnchiiig  acliiat  vomit* 
inff.  ib«  milder  emetics  arc  chosen,  and  unless  there  i*  fco-er,  those  having  the 
tea»(  depre»iDg  Srctiun. 

The  doses  given  are  calculated  to  be  repeated  every  two 
hours. 

The  most  important  amongst  these  are  : 

Euutin  (in  the  form  of  wine  or  syrup  of  i|x:cac.  I  S^i  (l 
cc),  or  Dover's  powder,  2  grs.  (0.15  Gni.),  the  latter  :ilso 
useful  on  account  of  its  diaphoretic  action)  (see  p.  303). 

Saponin  (in  the  form  of  Syr.  Senega,  5ss — 2  c.c.) :  This 
has  the  advantage  of  not  being  absorbed  and  hence  is 
less  depressing. 

Ammon.  Carbonate  {z  grs. — o.  I  5  Gm.) :  This  is  actually 
stimulating  and  on  account  uf  its  alkalinity  tends  to  dissolve 
the  mucus. 

Tartar  Emetic  (l  gr. — 0.06  Gm.):  This  is  much  more 
depressing,  and  if  long  continued  may  produce  syni])tonis 
analogous  to  arsenic.  Perhaps  the  best  way  of  administering 
it  is  in  the  Conip.  Syr.  Sqiti/h,  1  5  n^  ( I  c.c). 

3.  Actual  Emesis. — (A)  The  indications  for  an  actual 
emetic  action  may  be  summarized  as  follows: 

1.  To  remove  soU J  bodies  from  esophagus.  pharyn.x,  or 
upper  air  passages.  (If  the  obstruction  is  in  the  trachea, 
this  is  not  without  danger,  since  the  body  may  become 
lodged  in  tlie  j^Iottis.)  Croupous  membranes  may  be  removed 
in  a  similar  manner.  Similarly,  they  may  cut  short  an  attack 
of  asthma. 

2,  To  empty  t/u-  stonuieh:  (</)  When  the  food  is  not  being 
digested,  especially  after  overeating. 

(^)  To  retnuve  poison :  Tins  is  of  esjx:ci.il  importance  in 
acute  poisoning  through  substances  administered  b>'  the 
;>tomach,  but  it  may  even  l>e  useful  when  the  poison  has 
been  administered  in  other  ways,  especially  in  the  case  of 
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morphin.  when  the  poison  is  excreted  into  the  stomach. 
They  are  useful  in  the  same  way  in  chronic  poisoning,  and 
a  beneficial  action  which  has  been  claimed  for  them  in 
malaria  and  other  fevers  may  perhaps  be  paitly  explained 
in  this  manner.  Ipecac  is  especially  useful  for  the  latter 
purpose,  since  it  also  produces  diarrhea. 

Their  use  in  acute  paisoiutij^  may  often  be  replaced  by  the 
stomach-pumj)  and  by  lavage.  They  should  be  avoided 
when  the  ])oisoning  is  tlue  tt>  caustics,  since  the  violent  com- 
pression is  apt  to  cause  rupture  of  the  weakened  wall  of  the 
stomach  (this  objection  is  perhaps  rather  theoretic).  In 
many  of  these  the  dri]g  itself  causes  emesis,  so  that  further 
measures,  except  perhaps  warm  water,  are  unnecessary. 

V  To  cause  comprtssion  of  thf  liver,  for  the  removal  of 
bile  and  small  gall-stones  from  the  gall-bladder  and  ducts: 
The  usefulness  of  this  measure  is  perhaps  doubtl'ui ;  since 
the  intestines  are  also  compressed,  the  added  vis  a  tergo 
can  not  be  very  effectual,  and  on  the  other  hand  it  might 
rupture  a  distended  ^all-bladder. 

(B)  The  contraindications  to  emetics  are  niainly  due  to 
increase  of  pressure  and  to  debilitation,  and  are  as  follows : 

1.  Severe  Iwarttirfects,  or  anairysm  i>f  the  aorta,  since 
the  sudden  and  violent  increase  of  intrathoracic  and  intra- 
abdominal pressure  may  result  in  the  rupture  of  these 
organs. 

2.  Atheroma.  The  sudden  changes  in  blood  pressure  are 
apt  to  burst  a  vessel  and  produce  apoplexy. 

3.  Similarly,  they  may  lead  to  hemorrhages  \Xi  phthisis. 

4.  Abortion  may  result,  in  advanced  pregnancy. 

5.  Tendency  to  hernia. 

6.  In  all  debilitated  conditions  there  is  danger  of  collapse. 

7.  Caustic  poisonin<j. 

(C)  The  measures  most  commonly  adopted  to  produce 
emesis  are  the  following  : 

/.  Warm  Water,  Tickling  €>/ Fauecs. — These  do  not  usually 
act  as  emetics  when  the  stomach  is  normal ;  but  when  it  is 
irritable— as  is  usually  the  case  when  emetics  arc  indicated 
— they  may  be  sufficient.  But  on  account  of  their  uncer- 
tainty they  arc  usually  only  employed  to  aid  the  action  of 
other  emetics. 

2.  The  same  may  be  said  of  mustard  (a  tcaspoonful  in  a 
cup  of  hot  water). 

These  means  (i  and  2)  do  not  cause  much  depression. 
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5«t  they  act  slowly  and  are  uncertain;  they  are  hence  of 

lvalue  for  tntpiying  the  stomach  of  fooii,  etc..  but  would  not 

tndtcaud  in  poisomng  wliere  a  prompt  action  is  the  first 

'  TcquiremcnL     When    no    other    emetic    is    at    hand,    they 

should  of  course  be  tnctl 

J.  Sij//s  of  Alkiilu.s. — A  concentrated  solution  of  any 
neutral  salt  may  cause  voniitinj^  through  irritation,  but  they 
are  uncertain  and  have  no  advantage,  with  the  exception  of 
ammonium  salts.  These  have  a  stimulating  action  on  the 
medulla,  tending  to  counteract  the  depression  ;  tlicy  should 
jbe  used  whenever  the  latter  is  especially  contraindicatcd. 
'  Their  action  is  too  slow  and  uncertain  to  be  of  use  in  poi- 
soning. Ammonium  carbonate  has  the  additional  advantage 
of  dissolving  mucus,  and  has  its  special  indication  in 
catarrhal  conditions.  It  is  given  in  do.ses  of  10  to  20  grs. 
(l  Gm.)  in  solution,  repeated  until  vomiting  occurs. 

4.  Metallic  Salts. — Those  in  practical  use  arc  the  Sul- 
phate of  Copper  and  of  Zinc,  and  Tartar  Emetic.  The  lat- 
ter may  be  to  some  extent  absorbed,  and  is  then  very 
depressing ;  it  is  also  very  slow,  so  that  it  may  be  doubted 
Iwhethcr  it  is  ever  indicated.  Of  the  former,  the  preference 
'is  given  to  the  copper  salt,  although  the  zinc  sulphate  has 
precisely  the  same  action.  Tliey  irritate  in  a  specific  man- 
ner those  structures  in  the  stomach  which  set  U]j  the  vomit- 
ing reflex,  before  the  protoplasm  of  the  gastric  wall  has 
undei^one  any  noticeable  change.  They  are  not  absorbed 
so  long  as  the  mucous  membrane  is  intict,  and  are  hence 
quite  safe.     Their  action  is  rapid,  so  that  tlicrc  is  no  time 

»f(fr  nausea.  The  depressing  action  is  also  small.  But  tliey 
protiuce  practically  always  some  irritation  of  the  gastric 
wall.i,  and  this  hmits  their  use  to  such  cases  of  poisoning  in 

» which  the  poison  is  not  injurious  to  the  stomach  it-self.  They 
must  be  especially  avoided  when  there  is  reason  to  suppose 
that  the  mucous  membrane  has  been  injured,  since  they 
would  he  absorbed  in  this  case  and  cause  poisoning.  Their 
only  advantage  over  apomorphin  consists  in  a  less  degree  of 
sausca  and  depression.  Copper  sulphate  is  of  especial 
value  in  phosphorus-poisoning  if  any  of  the  poison  is  still 
the  stomach,  since  the  metallic  copper  is  precipitated  and 
'^rms  an  impermeable  coating  over  tlie  unabsorbed  phos- 
phorus particles.  It  is  administered  in  about  i  ^v  solution. 
10  grs.  (0.7  Gm.)  repeated  at  intervals. 
J'.    Vegetable  irritants,  including  cmetin,  saponin,  digitalin, 
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etc.,  act  slowly  and  manifest  other  actions,  which  practically 
limit  their  use  to  the  production  of  nausea.  Ipecac  is 
sometimes  used  as  an  emetic  (oj — 4  c.c. — of  wine  every 
fifteen  minutes). 

6.  or  aikaioidal  emetics,  not  local  irritants,  apo- 
morphin  is  alune  used  in  practice.  It  i.s  indicated  when- 
ever a  prompt  emetic  is  desired.  The  only  exception  is 
formed  by  cases  in  which  depression  is  especially  contra- 
indicated  ;  in  these,  ammonium  carbonate  should  be  chosen 
for  slow,  copper  sulphate  for  ({uick.  action.  Apomorphin 
is  the  only  emetic  which  can  be  given  hypodemjically,  and 
must  therefore  be  used  in  alt  cases  where  swallowing  is  im- 
possible. It  is  used  in  l  ^  solution  hypudermicatly,  in 
doses  up  to  %  grain  (o.Oi  Gm.). 


CHAPTER  XV. 

ACONITE;  VERATRIN  ;  COLCHICIN  ;  CARDIAC 
DEPRESSANTS. 


(A)  ACONITE  GROUP. 

I.  COMPOSITION.  ETC. 

Aconite  usliers  in  a  series — comprlsinj^  also  veratrin  and 
colchicin — characterized  by  widespread  antl  confused  stimu- 
lation and  paralysis  of  nervous  structures,  botli  central  and 
peripheral,  and.  in  addition,  by  a  peculiar  action  on  skeletal 
and  cardiac  muscle. 

Afxmtle  it>elf  isoiic  of  Oie  oldesl  known  ixiiMma.  Tlic  Greeks  and  Ro- 
taaiu  were  acquaitiletl  with  it-«  nction,  and  it  is  altogetbcr  probable  thst  wbca 
they  mention  a  ^iron;;.  rnjnd  |K>i«on.  ihcy  usM  on  eKpre&«^  juic«  of  this 
plant.  The  ancient  L'tiiueM  «nd  GauU  u»ed  it  as  aa  arrow  poUun.  lu  then- 
peotic  u»e  is  of  mucb  more  recent  date  {it  wax  intruduced  by  StQrcb  la  1761). 

The  isoladon  of  its  toxic  principles  is  quite  a  recent 
achievement.  Their  preparation  in  pure  form  is  \'cry  diffi- 
cult, as  Uiey  are  easily  decomposed  into  much  less  active 
hydration  products.  Preparations  called  "  aconitin  "  for- 
merly differed  cnormou.sly  in  their  strength,  .some  being  over 
a  hundred  times  mote  active  than  others,  and  fatal  accident 
resulted  from  their  confusion.     They  are  now  known  to  be 
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compounds,  afler  the  manner  of  atropln  (sec  p.  250),  between 
various  closely  related  bases  (aconins)  and  aromatic  acids 
(especially  benzoic).     The  principal  ones  are  : 

/.  Acotiitin,  from  Aconituni  Napellus,  (It  is  a  benzoic 
acid-aconin.)  Theyd/>rf<i?//t^/«. from  Ac.  Japonjcum.  formerly 
supposed  to  be  a  distinct  alkaloid,  is  now  generally  consid- 
ered identical  with  aconitin. 

2.  Pscudiuonitin^  from  Ac.  Ferox. 

^.  Dtiphimn,  from  Delphinium  Staphiaagria. 

The  first  and  second  seem  to  be  about  equally  active ; 
the  third  is  considerably  weaker. 

Tlie  exact  thetnic  structure  and  cumpui^itiun  uf  Uic^  «Ika]uids  arc  stilt 
quite  oKscurr.  They  Bgrcc  in  giving  hydnaliun  pruduul^  whidi  liavc  qualita- 
bvely  ihe  sonic  action,  Intt  are  Ibc  weaker  lh<r  more  ilify  arc  hydiolc<L 
(Kikracwniliu  »  already  only  -^^  m  strong  as  aconiUn  ;  nconiii.  jjj'oij-) 

C^H„NO,  '  +  H,0  -  C„U„NU„  ^  CVH/), 

Aconilln  rilcracoiiilin     B<neoK  Acid 

C«H„NO„  +  H,0  =  t-  H„No^o  -r  CH.OtI 

PutrmcontUn  NaiK-llin         Mdhyl  Alcohol 

CyH„NO„+  H^  =  C„H«NO,  -f  C,H,C>, 
?Iapelltn  Aconin  Acrlic  Acid 

Aconitin  is  the  most  toxic  of  ail  alknhids,  and  is  only  sur- 
passed by  some  of  the  toxalbuniins  and  similar  substances. 
Three  milligrams  arc  fatal  to  man. 

U.  SUMMARY  OF  ACTIONS. 

1.  Excitation  and  subsequent  paralysis  of  many  different 
nerve  endinj^s — sensor)\  motor,  and  secretory. 

2.  Excitation  and  .subsequent  paralysis  of  certain  parts 
of  the  central  nervous  system. 

III.  DETAItiJ  OF  ACTION. 

(A  I  Peripheral. —  I.  The  first  effect  of  aconitin — wliether 
on  local  or  .systemic  administration — -consists  in  a  local  irri- 
tation of  the  sensory  nerves  of  the  skin  and  mucous  mem- 
branes. When  applied  to  the  skin  in  zvatery  solution  it  has 
very  little  action,  since  it  canmt  be  absorbed;  but  if  it  is 
dissolved  in  oii,  it  causes  a  pricking,  itching,  and  burning; 
then,  similarly  to  cocain,  a  total  paralysis  of  sensation  to 
touch,  temperature,  pain.  etc.  Applied  directly  to  any  land 
of  nerve-fiber,  it  destroys  its  Irritibility,  and  the  recovery 
from  this  is  quite  slow. 

1  This  fofmnia  is  not  uaiTenally  accepted,  and  is  f^ven  hrre  simply  as  an 
iiulaoce. 
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These  skin  effects  also  follow  its  administration  by  mouth 
or  h>  podennically,  but  in  the  former  case  arc  preceded  by 
similar  phenomena  in  the  mouth.  There  is  the  same  tingling 
and  burning,  a  bitter-sour  taste,  and  disagreeable  .scratching 
sensations  in  the  pbar>iix.  Other  mucou.s  membranes  are 
also  affected  and  give  rise  to  reflexes  (sneezing,  coughing, 
salivation,  nausea,  vomiting,  etc.),  which  greatly  complicate 
the  picture  oTthe  intoxication.  The  irritation  is  in  all  cases 
followed  by  anesthesia.  There  is  no  rtWir//'ww^  or  other  sign 
of  inflammation  (as  there  is  with  most  local  irritants),  even 
on  the  mucous  membrane. 


The  great  number  of  structures  irrtlntcd  when  the  drug  acts  from  iheblund 
would  favor  the  thcor)-  tltat  the  slioiulntion  t3  ceiiiml  ;  but  ihjs  is  diKprttvcd  by 
the  fact  that  the  action  is  first  seen  in  the  situation  where  the  Acooiiin  is 
apphed. 

A  peculiar  and  chamcteriMic  effect  of  aconite,  a  ifiifiy  smmtian  which 
occurs  before  cither  the  trmpcraliirc  or  the  circulalinn  Ihrcrtigh  the  »kin  is 
changed,  Diust  be  due  to  a  stiraulatiun  uf  certain  teni|)craUire  nerves,  and  is 
of  interest  ^iiicc  acunilin  seems  tu  be  the  onlydnig  having  thi-t  action  from  the 
blood,  althotigli  possibly  sotnc  bacterial  poison  may  aUo  possess  it.  (Menlhot 
also  4tiitiulatc>  thei-e  nerves,  but  only  on  local  application. "l 

2.  Tilt;  secretory  endings  in  general  arc  aUo  stimulated,  both  directly 
and  reHrxIy. 

Striped  muscle  ^hows  ttbrillar  twlichings,  which  persist  after  sections 
of  the  ner^'cs,  \y\\\  are  abolished  by  curare,  and  an  therefore  cauied  by  MiBia- 
latioQ  of  the  ending!>. 

3.  The  effect  upon  the  heart  is  very  characteristic  and 
appears  somewhat  complicated,  since  all  the  difTerent  parts 
of  the  cardiac  mechanism  are  successive!}-  stimulated  and 
paralyzed.  If  we  study  (a)  the  isohtfd  frog's  heart,  we 
see  a  scries  of  phenomena  somewhat  as  in  figure  59  : 

1.  Quickening,  from  stimulation  of  the  accelerator  and 
automatic  mechanism. 

2.  Accelerator  paralysis,  beginning  stimulation  of  vagus 
and  beginning  pai^ysis  of  heait-mu.scle.  These  result  in 
slowing,  and  finally  stoppage  in  3.  In  4  the  vagus  stimu- 
lation is  giving  place  to  paralysis,  but  the  paralysis  of  the 
cardiac  muscle  and  automatic  mechanism  has  progressed  so 
that  the  beats  are  weak  and  irregular.  The  automatic  mech- 
anism is  the  next  to  give  out ;  in  consequence  tlie  heart 
stops,  but  it  still  responds  to  direct  stimulation.  Tliis,  too, 
is  finally  lost  through  paralysis  of  the  muscle-fibers. 

The  peripheral  effects  upon  (b)  the  mammalian  heart  are 
presumably  the  same,  but  arc  largely  obscured  by  central 
actions. 
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Tbe  isnhttii  mammaliiin  httirt  (H<:<ibDm-L4Dgcndorfi']  khow.<i  the  follow- 
ing :  The  first  effects  arc  incnnslant  ;  ihe  frequency  is  ihen  ennnnunisly 
increftAcd  and  aniplilude  lessened  below  what  is  accounted  for  by  (tie  quickcu- 
ing  (^iDCTCftwd  irrir«bility  lod  weakened  miucK-).  Tlicu  follows  a.  lran»ient 
inovAse  uf  amjiUtude  (niuM-ular  stimulalinn  i,  and  then  sudden  .stoppage  nf  left 
Tcnincle  (paralysis  of  ninommic  propertj').  The  right  ventricle  and  llie 
•uncles  moke  ■  few  more  contractiuns.     Caffcin  may  start  a  few  beats. 

(c)The  central  action  on  the  circulation  (Fig.  60,  A)  con- 
sists in  stimulation,  and  later  paralysis^  of  the  vagus  and  vasO' 
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Fig.  59, — Schema  of  nclion  of  acnnite  on  frog's  heart :  A  reprewnts  dia- 
grmmnuucally  tbe  cbanf^es  noted  in  ihe  heart ;  B  \o  E  are  lo  show  the  pait 
which  the  diflerent  structures  of  the  heart  cofilributc  tu  iIil-  observed  phe* 
aOBcna  :  ■  rise  above  the  tm^e-tine  is  to  indicalc  incrcascfl  functional  activity, 
•nd  Ihe  ctHivene :  /,  point  at  which  paralysis  occurs :  A,  nonoal ;  B,  acccl- 
entor  radings ;  V,  autoioalic  property;  D,  vagus  endings;  A,  muscle  cun- 
tncolity. 


ntator  e^nters.  The  va^us  center  is  first  affected,  even 
tsefore  the  ptriphural  heart-actions  appear ;  hence  sm/ill 
doses  give  a  pure  slowing  of  pulse  with  Tall  of  blood  pres- 
sure. Tlie  pulse-wave  is  dicrotic  (Fig.  60,  B).  When  the 
quickening  sets  in — from  stimulation  of  accelerators,  and 
later  from  paralysis  of  the  vagus — the  tendencj'  will  be  to 
a   rise   of  blood   pressure,  and   this  will   be  supported  or 
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counterbalanced  by  tlie  vasomotor  action,  according  to 
whether  tijc  vasomotor  stimulation  or  paralysis  falls  in  this 
period.  The  latter  is,  however,  of  less  importance,  larger 
doses  act  on  the  heart,  and  cause  it  to  become  arhythniic 
(Fig.  60.  B),  by  increasing  its  iriitabilit)- ;  and  later 
bring  it  into  delirium  cordis.  The  final  result  in  all  cases 
will  be  7L  gnat  fail  in  pressure  from  paralysis  of  heart  and 
blood-vessels. 

(B)  Its  cffccLs  upon  the  central  nervous   system  ap- 
pear still  more  complicated  if  it  is  attempted  to  study  them 


Fig.  60.  —Aconite  ucticm  begins  ni  X  :  A,  Carotid  preuutv,  dog  ;  showB 
progrrsitive  vngus  slimulslinn  ;  B.  canliomyupram,  dt^;  show*  the  »taKC»  uf 
!i1owiii^,  irregulArity,  and  final  cjuickcuing ;  t*,  it|)hygDwgnun,  nuui:  t&e  fim 
line  is  nonoal  \  the  othert  !>liow  the  lowering  of  the  pulie-Wttve. 


in  detail ;  but  they  become  simpler  if  certain  general  facts 
arc  borne  in  niind. 

The  central  nervous  system  is  afiected  through  its  whoU 
CJCtt'ftt^  both  directly  and  rcfiexiy.  The  direct  action  predomi- 
nates and  is  mainly  paralyzing.  The  action  is  exerted 
mainly  upon  tlie  medulla,  then  conies  the  cord,  and  lastly 
the  hemispheres.  Consequently  the  intelligence  remains  xm- 
impaired  as  a  rule,  but  there  may  be  unconsciousness  as  a 
consequence  of  collapse.  Tlie  latter,  which  occurs  early,  is 
tlic  result  of  paralysis  of  tlw  meduUaty  centers.  Oi  these, 
the  respiration  is  affected  early  ;  it  becomes  slowed,  diffi- 
cult, and  dyspncic.     This  is  |)artly  reflex,  from  stimulation 
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of  the  vagus  endings  in  the  lungs,  etc.  Paralysis  of  the 
respiratory  center  forms  the  cause  of  death.  Of  other  nud' 
ulimy  structures  the  vagus  and  vasomotor  centers  liave 
been  considered 

The  v&mitiug,  diarrht-a,  etc..  may  also  be  due  in  part  to 
direct  stimulation  of  tlie  centers,  but  are  largely  from  local 
irritation. 

CoKi'itisions  occur ;  their  scat  is  probably  diffuse.  The 
temperature  falls,  both  in  health  and  disease,  but  this  is 
probably  an  expression  of  the  collapse  action. 


^^^^ns< 


IV.  TOXICOLOGY. 

It  will  be  seen  from  the  above  that  the  picture  of  aconite- 
loninij  must  be  a  very  complicated  one  ;  thu  whole  ner- 
vous system,  central  and  peripheral,  beinji  aiTected,  in  no 
well-defined  order,  in  two  diaiuctrically  opposed  directions, 
the  result  must  be  extremely  variable,  and  can  be  under- 
stood only  by  bearing  this  diversit)''  in  mind. 

At(idfnl,i} fHHionin.;  from  the  fresh  plaois, — which  a*  monk's-hood  or  lark- 
^Nir  arc  iiuilr  otintniin  in  (•anltriis.  —  a9  nl^i  fn^ni  lintineTil%  elc,  14  ijuili?  fm- 
aiKtil.  I  )o  accuutit  of  ihc  small  dow.  Ihc  absence  of  |M)&tiDort<rin  wgtis,  and 
ine  ilifTifrultr  of  cliemii:  yix.nA,  acnnilin  has  ncccnily  Ui--i:ninc  quite  a  fnvmitc  for 


•itl  piirjKwc*  The  use  of  the  plnnt  for  crtmxntii  fni^oning  is  widely 
A  ill  ihc  Eaf^L  Tlie  iymptums  are  so  iinroistaUftble — cspecinlly  the 
ng — tliat  it  tias  not  fouud  many  users  in  civilixcd  countries. 

Symptoms, — In  very  large  doses  death  may  occur  al- 
most instantly — probably  from  paralysis  of  the  heart.  In 
sublethal  tioses  the  tingling,  slow,  weak,  and  irregular 
heart,  and  mu-scular  weakness  arc  most  conspicuous.  In 
miidcrately  toxic  doses  tlie  following  picture  is  seen : 
Bummg  in  mouth,  stomach,  and  .skin  ;  excessive  salivation ; 
nausea,  retching,  vomiimg,  and  diarrhea  (both  central  and 
reflex  effect).  The  burning  |)asses  into  anesthesia.  There 
is  great  restlessness.  The  puise  is  slow,  feeble,  and  arhyth- 
tnic;  later  it  may  become  very  ra]>itl.  Respiration  is  dysp- 
ncic.  There  are  muscular  weakness,  incoordination,  vertigo. 
The  skin  is  cold  and  livid.  The  pupils  are  usually  dilated. 
The  irtteUi^enee  does  not  usually  suffer,  but  there  may  be 
stujMir  and  even  unconscioiLsness,  The  special  senses  and 
speech  may  be  impaired.  Co/tvuhious  are  common.  Death 
may  occur  b)*  heart  paralysis,  but  ntore  often  by  paralysis  of 
the  respiratory  center.  The  symptoms  may  appear  almost 
Uy*  and  arc  rarely  delayed  beyond  an  hour.      In  fatal 
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poisoning  death  occurs  usually  in  two  to  six  hours.     There 
are  no  const;int  postmortan  changes. 

Treatment. — Tlie  usual  chemic  antidotes.  Emetics  are 
not  usually  nccessar)\  F"or  tho  rest,  the  treatment  should 
be  mainly  stimulating — ammunia.  brandy,  strychnin,  atropin, 
warniCli,  and.  when  necessary,  artificial  respiration.  The 
chetnic  tests  lor  aconitin  are  of  no  value.  The  poison  is  best 
proved  by  its  pharniacoloj^ic  action  on  the  frog's  heart. 
(This  is  the  more  important  since,  in  a  legal  case,  a  ptom;un 
was  isolated  which  gave  the  chemic  tests  for  dclphinin. 
Tlie  prickling  is  also  very  characteristic.  Veratrin  is  the 
only  other  substance  having  a  similar  effect.)  Aconitin  is 
excreted  mainly  in  the  urine. 

V.  THERAPEUTICS. 

The  c&iiapse  action  of  aconitin  is  so  strong  that  none  of 
its  other  effects,  except  the  local  anesthesia,  can  be  utilized. 
The  former  may,  however,  be  useful,  espcciall)-  in  short  and 
Sthenic  fez'crs,  as,  for  instance,  in  colds  ;  it  depresses  here  the 
ovcraction  of  the  heart,  and  promotes  sweating,  and  in  both 
ways  tends  to  lower  the  tenijK.*rature.  Vcr>'  small  doses 
should  be  employed  for  this  puqjosc — I  drop  of  the  tinc- 
ture for  adults,  relocated  every  hour  until  the  pulse  has 
returned  to  normal.  It  slionid  be  avoided,  just  as  all  other 
dcprc-ssini;  agents,  in  long-continued  fevers,  such  as  typhoid. 

Its  anesthetic  action  has  already  been  discu.ssed  under 
local  anesthetics  (p.  238),  and  it  will  also  be  considered 
under  counterirritants  (Chap.  XXIX.  E).  It  is  used  in  the 
form  of  liniments  {about  1  part  of  tincture  to  10  of  the  lini- 
ment) and  in  2^  ointment  of  the  alkaloid,  mainly  in 
neuralgias  and  rheumatism.  It  is  given  internally  against 
trigeminal  neuralgia. 

The  stapliisagria  is  used  in  the  form  of  ointment  to  destroy 
pediculi. 

VI.  MATERIA  MEDICA. 

Aconitum  (U.S.P  )  [Aconiti  Radix.  ViY^—iAemitt,  MonVs-kMd, 
IS'olfiliane.)  Thp  tuber  of  Aconitum  Xapfllus,  Ranunculaceir.  Europe, 
Asia,  and  northwesi^m  Norih  America.  (Other  sprcies  contain  similar  prin- 
ciples.)    Frctiurntly  cultivaicil  in  gardens.     All  (uuls  of  the  plant  are  poisoo- 

fMU. 

Active  CenstitHents :  .Aconitin  and  simitar  alkaloids  (tn  all  aboQto.07^); 
re«in,  fat,  mgnr. 

Prfpnrati^nt  (made  with  14'  lo  }^  olcuhol !  Iiecome  lurbid  if  mixed  with  water, 
but  this  does  not  destroy  their  activity): 

Mjttraeium  AcomM, — Dtae  :  0.006  tuO.015  Ged-  (iV  ^  (  grun). 
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£Atra(tum  Aeomiti  yittiJum. — Dose:  0,03  to  0.12  c.c.  [%  to  2  mrnims]. 
Tincrura  j4eaHiti  yV.'A.V.). — 35^.      Dose :  0.03  to  0.3  c.c.  (>^  La  5  miii- 
ims). 

TiHttura  Aeomiii  (B.P.)-— 5JI^-  Tbree-founhs  alcobal.  Dast:  0.3  to  1 
CC  (5  10  i;  minims). 

*  Aconitinum.— On  account  of  tbc  uncennin  strength  of  ibe  different 
prepAritioiu,  this  should  never  be  Kiven  intertully.  (Nor  hu  it  tny  great  atl* 
VBnlsjpe  over  the  tinclutc  for  exicrnul  u>c.'| 

The  eryitaliint  citn&i&u^  of  nJmu.'ti  pure  uconitin,  atkI  hsA  iho  most  powerful 
actioD  imaunul  do«e:  0,0003  Gm).  The  nnmrplions  tt>niain<i  an  admixture 
of  the  hydration  piuducts,  and  varies  according))-  in  siicngth  from  j^  lo  as 
active  as  the  crystalline. 

The  (KtHUin  of  the  Brili&h  rharmacopcna  is  the  amorphous  Yariety.  It  Is 
enplnyed  as  a  2%  oinlnicnl  (  C'M^uentum  Acvnilin,r,  H.I'.). 

StaphtBagrU  (U.S.P  |  [Staphtsagrue  Scmina.  K  P.].— (J^CawjArr. 
tMrkipMr. )  The  seed  of  Delphtntiim  .S/urhim^rin  {othi-i  pans  of  the  plant 
8t»I  other  vtpecies  are  alM>  po(»unou.si,  Kanunculaceic.      'reinpcmte  zone, 

CintitttHenti  :  Deiphtnin  and  similar  alkaloids  ;  tixed  oil,  mucilage. 
Prrpii  >  alii-n . 
^^         iMgucnhuH  StapAitagria  tli  P. )■ — lojt.      \}x<\  as  parasiticide. 

^^^  (B)   VEKATRIN  GROUP. 

^^^V  I.  COM1\)S1TION,  ETC. 

^P  This  contains  a  number  of  alkaloids  cxistini;  in  various 
'  species  of  the  genus  Vcratrum  and  in  some  other  plants.* 
^^  The  principal  ones  arc  vcratrin  (especially  in  Vcratrum 
^B  viridc)  and  protoveratrin  (in  Vcratrum  album). 

*  There  are  tiuite  a  number  of  olhtMr  alkaloid.'i  prewnt  in  these  plantx,  but 

tbey  are  not  of  importance-  The  commercial  veratrin  cnnstMs  of  a  mixture  of 
veratnn  alkaloids.  Veratrin  and  protovcrairin  have  a  chemic  conipoMtian  aim- 
ilar  tu  aooaitin. 

They  a^ree  with  acunitin  also  in  their  action  upon  the 
central  nervous  system  and  peripheral  endings.  But 
veratrin  shows,  in  additiun,  a  peculiar  action  in  prolonging 
the  relaxation  of  striped  and  cardiac  muscle. 

II.  DETAIUS  OF  ACTION. 

I.  Striped  Muscle. — When  an  animal,  and  especially  a 
frog,  has  been  poj.^oned  with  veratrin.  it  shows  very  striking 
peculiarities  in  its  movements.  It  can  contract  its  muscles 
with  ordinary'  quickness,  but  it  cannot  recover  its  former 
position  for  some  little  time.  The  cause  of  this  can  be  dem- 
onstrated on  isolated  muscle-nerve  preparations  (Fig.  6 1.), 
It  will  be  .seen  in  these  that  the  ascent  of  the  muscle  curve 
is  a«  abrupt  as  usual,  but  that  the  relaxation  is  enormously 

'  Comcoefcially  it  is  obtained  from  the  seeds  of  Asaxraa  (SchoenocauloD) 
[^fkimakf  (SabadilU,  Cevadillai,  Liliacex.     Mexico  to  Venexuela. 

*  Not  oflidal. 
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prolonged.  The  muscle  remains  in  what  would  at  first  view 
resemble  complete  tetanus.  This  lengthened  rela.\ation 
goes  hand  in  hand  with  an  increased  formation  of  heat  and 
use  of  material  ;  it  is  therefore  an  active  process.  It  is 
lessened  by  fatigue  and  cold  and  other  agents  which  depress 
the  musck-  (ether),  and  increased  by  moderate  heat.  These 
facts  j>oint  to  the  view  that  the  lengthened  relaxation  is  an 
expression  of  greater  functional  activity.  It  must  be  looked 
upon  as  a  prolonged  contriicture  ratlier  than  a  loss  of  elas- 
ticity. And  this  is  siip|)ortcd  by  other  actions  which  the 
veratrin  exerts  upon  mu.scle  :  The  tension,  the  height  of 
contraction,  the  irritability,  and  the  power  of  doing  wnrk — 
the  lifting  and  sustaining  power — are  all  increased,  and  the 
eflccts  of  fatigue  are  diminished  by  it. 


Fig.  6i. — Vcratrit]  on  frugs*  iduscIl- : at  room  K-mpentture  (15^  C.}; 

al  ao"  C.  ; »l  7"  C. ; after  fatigue. 


Thriic  rr»u]t»  arc  best  seen  on  fmgH,  but  tnaj  aluo  be  naicA  in  mammaN. 
The  coiilTBctioti  is  not  quite  MntxRli,  but  oftro  »hi>W5  two  to  four  ele*alioni. 
This  iit  due  to  vanatious  in  the  cxdtabiiily  of  the  uiUMrlc-t'ibci  at  diRereot 
times. 

IVotoveratriii  docA  not  ahtiw  the  above  actioDik,  although  it  lemporariiy  in- 
crcues  the  force  of  the  mUMruUr  cuittraclion.  It  seems  to  exert  a.  special 
action  on  ttfrrr,  pmlunginf;  the  negative  variation.  Veratrin  dors  tjiU  to  a 
less  extent.  Both  act  alio  in  a  similar  manner  on  the  Merve  au/ings,  A  limi- 
lai  effect  is  claimed  for  imvt>th  muuU. 

3.  The  cardiac  muscle  is  affected  in  a  manner  similar 
to  the  skeletal.  This  results  in  a  quuk  systole  ami  retanUd 
diastole.  In  the  frng's  heart  the  auricle  is  much  less 
affected,  so  that  it  may  make  two  or  more  beats  to  one  by 
the  ventricle.  The  isolated  mammalian  heart  (Hedbom- 
Langendorff)  shows  a  primary  slowing  from  stimulation  of 
the  peripheral  vagus  mechanism ;  then  irregularity',  and 
finally  paralysis  of  the  cardiac  muscle,  precisely  as  with 
digitalis. 

3.  The  circulation  in  general  is  affected  in  the  same 
way  as  with  aconitin.  SUnvcd  pulse  and  lessened  bhod 
pressure  are  the  principal  effects,  due  mainly  to  its  central 
action.  Its  other  central  actions  (upon  respiration,  etc.)  arc 
practic:ally  identical  with  those  of  aconitin,     (Fig.  62.)    In 
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guinea-pigs  it  causes  a  peculiar  form  of  (medullar)'  ?)  con- 
vulsions, consisting  in  "bucking"  jumps. 

4.  The  sensory  nerve  endings  also  show  the  aconidn 
action,  and  even  more  strongly  tliati  in  the  latter  drug. 
Sneezing  and  coughing  are  prominent  symptoms.  The 
prickling  and  smarting  arc  followed  by  amsthesia.  Proto- 
veratrin  causes  the  anesthcsiii  without  the  preceding  irrita- 
tion, and  thus  resembles  cocain. 


(/ 


Ptf.  62. — ^\''enlnnn  viride  on  rrspirntJim,  rabbtl  (lever  method). 

is  iiixpiration. 


Upstroke 


^B  5.  Veratria  produces  vomiting  and  diarrhea^  for  the 
^1  most  part  pr<jbably  rcflcxh'  by  acting  on  the  sensory  nerve 
^H  endings. 

H  III.  TOXICOU)GY. 

^™  Poisoning  by  vt-ratrin  is  not  common.  It  presents  the 
following  symptoms,  which  are  also  characteristic  of  acon- 
itin  :  Burning  in  mouth,  .spreading  to  stomach  ;  increased 
salivation,  vomiting,  diarrhea,  abdominal  pain ;  anxiety, 
headache,  giddiness ;  pupils  dilated  ;  pulse  slow  and  feeble; 
weakness,  twitchings  in  muscles.  Death  by  respiratorj'  and 
circulatory  collapse.  Consciousness  preserved  till  the  end. 
Postmortem  not  characteristic. 

Id  man-fatnt  Jous,  (he  symptoms  nrr  very  stow  in  disappearinfr.  and  > 
doable  CAM  of  flmo  fviumin^  by  continued  amall  do«es  \i  on  record :  'llie  two 
pkttcnu  bcatme  vcr;  weak  and  thin,  suffered  fratn  bloody  diarrhea,  insomnia^ 
tluturiiaiice  of  Ibe  inlcllect,  and  delinum. 

The  treatment  is  the  same  as  in  aconite-poisoning  (see 
p.  336).  As  the  veratrin  is  rapidly  excreted  through  the 
urine,  it  is  welt  to  administer  hot  tea  as  a  diuretic. 

Veimlria  U  easily  ideaU6ed  by  its  cbemic  reaction!  (lee  Chap.  XXXIII}, 


340  ^^^^f        VERATRIN.  CH.  XV. 

IV.   THERAPEUTICS. 

It  has  been  used  after  the  manner  of  aconite,  to  secure 
the  reduction  of  temperature  by  artificial  collapse.  It  has  no 
advantages.  Its  local  irritant  and  ancstlietic  proijertics  have 
caused  it  to  be  used  in  neuralgia,  etc.  The  olcatc  is  best 
adapted  to  this  purpose. 

V.  MATERIA  MEDICA. 

V«ratrum  virlde  (U.S.P. »  (Amencnn  Hellebore). — Rhieome  and  roots 
of   Vtratrum  viritif,  Liliaccx.      North  Aincticfl. 

Prinripal  ConsiUuetUi  :    VenUhu   (cevAiltn}.      Other  weak  alkoloidii:  Jer> 
viii,  pKu  jojervin,  ruhijervin,  etc.     Resin  and  starch. 
Pre^rationi  e/lke  U.S.F.  : 

ExlractuM  Fluiiium. — Made  with  alcohol.     Deu'  O.05  to  0.3  c.c  (1  to 

Timtnra. — 40|?i .     Made  with  alcohol.     Dc^f  :  O. I  to  0,5  cc.  (2  to  10  Xt^. 

Veratrina  {U.S. P..  R.P.). — A  mixture  of  the  alkaloids  (nsually  obtaiora 
frum  plants  other  tlian  verairum.  especially  Asngrm  officinalis,  U.S.P.). 
Insoluiile  in  wn!er,  soluble  in  slcobol. 

U*^  OtftUf  (U-S.?.). — 1'7p  solution  in  oleic  acid. 

UHgutHtum  f^rrt/riWrf  (U.SJ.P.).— 4J{.. 

UngurnlHm  J/ro/nW*  {B.P.).— 2*6. 


(C)    COLCHICIN. 

This  substance  is  of  extreme  theoretic  inirre$t,  although  it  no  longer  has 
any  praclicnl  imporlancp.  It  rxiM^,  along  with  annlbcr  Mmilar  alkaloid,  col- 
cbicein,  in  t-'otrhicum  auliminAlr.  It  difTers  in  certain  characten  from  ordinary 
alkaloids,  but  its  coiistitulioti  is  ntino<^l  unknown. 

Its  action  on  mammals  docs  not  appear  for  a  considerable 
time,  even  after  intravenous  injection,  and  it  has  almost  no 
action  on  frogs.  The  reason  for  this  is,  that  it  is  not  the 
colchicin  itself  which  produces  the  symptoms,  but  an  oxida- 
tion product — oxy-di-colchicin — which  is  formed  from  it  in 
the  mammalian  oi^anisni, — even  by  circulating  it  through 
excised  organs. — but  docs  not  seem  to  be  capable  of  forma- 
tion in  the  fnig's.  Once  formed,  wlicther  in  the  above 
manner  or  artificially  by  the  action  of  ozone,  it  is  toxic 
to  frogs  also. 

The  actions  on  the  sensory  endings  and  on  the  heart  are 
similar  to  those  nf  aconite  and  vemtriri  ;  the  action  on  the 
central  nert'ous  system  is  almost  purely  depressant.  This  is 
in  part  sccond.iry  to  the  effect  upon  the  abdominal  organs. 
Colchicum  causes  extrcniel)-  violent  and  quite  uncontrollable 
vomiting  and  diarrhea.  This  is  not  an  inflammatory  action. 
for  the  intestine  may  appear  quite  normal  after  death.     If 

The  most  impotlant  prepantions  are  marked  «%. 
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COLCHICIN. 

ecchymoscs.  etc.,  arc  present,  these  arc  to  be  ascribed  to  the 
meclianical  effects  of  tl»e  extremely  violent  peristalsis.  The 
cause  appears  to  be  an  increased  irritability  of  the  intestinal 
tract,  so  that  the  normal  impulses,  which  ordinarily  keep  up 
a  moderate  peristilsis,  now  produce  an  extremely  violent  one. 
No  furtlier  explanation  can  be  offered  at  present. 

TOXICOLOGY. 

The  83nnptoms  of  colchicum-poisoninf:,^  do  not  appear  for 
some  time.  Once  they  set  in.  they  cannot  be  controlled ; 
colchicum  is  therefore  one  of  the  most  fatal  of  poisons.  The 
symptoms  refer  primanly  to  the  digestive  tract :  burning  pains 
in  abdomen,  extremely  violent  vomiting  and  diarrhea,  stools 
often  bloody.  For  the  rest,  they  are  those  of  collapse,  con- 
sciousness not  being  affected,  ihath  occurs  by  failure  of 
respiration.  The  postmot-tctn  appearances  arc  not  character- 
istic. There  may.  as  has  been  said,  be  appearances  of 
injury  to  the  intestines  from  the  strong  peristalsis. 

The  treatment  of  poisoning,  besides  the  usual  alkaloidal 
antidotes,  must  be  symptomatic. 

THERAPEUTICS. 
It  will  be  seen  that  the  pharmacologic  actions  of  colchicum 
furnish  no  guide  to  its  rational  therapeutic  application.  It 
has  been  widely  used  on  empirical  grounds  against  gout  attd 
rkfumatism.  There  is  but  little  evidence  of  any  superiority 
ovcr.iconite,  and  its  uncertain  toxicity  renders  it  so  dangerous 
that  its  use  should  be  unhesitatingly  condemned.  (However, 
authorities  disagree  very  much  on  tliis  point.) 

MATERIA  MEDICA. 

Colcbkl  Radix  (U.S.P  )  [Cotchicl  CormuB.  B  P.].— TV  bulb  of  CW- 
ckicum  autumnnte  (Meadow  SafTmn),  [Jliii».v.      Kuruiir. 

CMfkici  SfmiHtt  (U.S  P..  B.P.  I— The  wed  of  the  above. 

Prtmetpal Cc^stitMfnti. — Root:  ColcKicin, o. 5 ^  :  Surcb,  Gum,  KeaJn,  Fat, 
cflc-      Seed:  (^chidn,  o.jt^,  etc. 

T1»  colchtrin  is  mntairMH)  in  all  ports  of  the  plant. 
/VfMrwnrMj  from  lAe  Adof: 

EMirattum  Coithui  RatHHt  (U.RP.). — Mode  with  acetic  acid.  Dote: 
0.03  to  o.  I  Cm.  (  ^  to  2  gra. ). 

Sxtrmttum  C»tikifi  fiaJins  (^.V.). — Made  from  the  firrsh  corm.  D«tt-' 
■■«bo«e. 

£xtrtt£fMm  Cokkifi  R'l^ias  Finidum  {U..S.P.).— Two-lhinU  alcoboU 
I^te:  o  I  to  0.5  c.c.  f2  to  8  minims). 

,%  Vmttm  Colekin  Hadich  (U..S.P.,  40^).  — Awr.'  a3  to  X  cc  (5  lo  I5 
»>.      [0.P.,  >0^.     /}(vr.-a3  toacc.  {5  1030  minims)]. 
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PrrperoHom  from  thr  Seed  : 

Kxtradum  CoUhici  Seminit  Flmdnm  (U.SP.). — Two-thirdi  alcoliol. 
Diaf :  0.05  to  0.3  c.c.  (1  to  5  minims). 

TimtHra  Colthtn  Seminttm  (U.S.P.,  155^)  [B.P.,  SO^]. —One-hair  tlco- 
hoi.     Dose :  0.5  lo  3  c.r.  [lo  to  JO  minims). 

Vinum  CaUhiH  Sftuinis  (U.S.r.). — 15?&-     Dose:  as  the  tincture. 

(D)  CARDIAC  DEPRESSANTS. 

Cardiac  deprcssiints  may  be  defined  as  drugs  which 
lower  the  activity  of  the  heart.  Tiiey  may  do  .so  cither 
by  weakening  the  cardiac  muscle  or  by  stimulating  the 
vagus  niechatiism.  The  former  is  done  by  large  doses 
of  almost  any  drug  ;  the  latter  is  alone  useful  therapeu- 
tically. A  slowing  of  this  kind  may  be  useful  in  regulating 
an  overstimulated  heart ;  but  since  it  also  produces  a  fall  of 
l>lood  pressure,  it  is  jiarlicuIarK'  ustrful  when  a  quick  pulse  is 
joined  with  a  high  pressure — as  in  sthenic  fever.  Quick 
pulse  with  low  pressure  indicates  digitalis  or  strj'chnin, 
wliich  act  on  the  vasomotors  as  well. 

Tlie  most  useful  Cardiac  Depressants  arc  :  Aconite.  Spar- 
tein,  Veratrin,  Colchicin. 


CHAPTER  XVI. 


QUININ   GROUP. 

This  group  contains  ccrtiin  of  the  dncliona  alkaloids, 
especially  quinin.  The  others,  amongst  which  cinchonin 
and  cinchoniditi  arc-  the  most  important,  arc  rather  more 
convulsant;  but  tiiey  have  not  so  far  been  sufficiently 
studied. 

This  group  differs  from  those  preceding  in  having  a  very 
marked  foxic  action  upon  nnspiaalicid protoplasm,  an  action 
which  exists  to  some  extent  i[i  probably  most  of  the  alka- 
loids, but  is  generally  obscured  by  their  selective  action  on 
muscle  and  nerve.  The  phenotnena  which  are  noted  with 
quinin  are  those  of  slowly  dying  tissues  generally ;  an  in- 
creased functional  activity,  followed  by  a  diminution  or 
cessation  of  function.  On  the  whole,  the  paralyzing  action 
b  with  (]uinin  lite  most  conspicuous  and  the  most  important 
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T^rge  doses  may  produce  paralysis  directly,  without  pre- 
ceding stimulation. 

I.  SUMMARY  OF  ACTIONS. 

1.  A  toxic  action  upon  all  protoplasm,  and  an  inhibition 
of  ferment  action. 

2.  A  spediic  toxicity  to  the  malaria  organisms. 

3-  A  diminution  of  heat-production  in  fL-vcr  by  direct 
action  on  tlie  heat -producing  f'ocL 

4-  A  depressing  action  on  the  central  nervous  system, 
preceded  by  an  obscure  stimulation. 

II.  DETAILS  OF  ACTIONS. 

z.  General  Toxicity. — The  toxic  action  on  protoplasm 
may  be  seen  on  lower  organisms  and  isolated  cells  of  all 
kinds.  It  acts  most  strongly  on  cdls  possessed  of  ameboU  and 
sttHi/ar  Mtn'etnent;  on  infusoria,  white  blood-cells,  ciliated 
cpithehum,  spermatozoa,  insectivorous  plants,  muscle,  etc 


Fq;.  63. — Diagrun  tu  iHusUnte  the  aclioii  uf  iiuiuln  t>n  leucocytu,  modi- 
6«1  fitjin  Bine  ('*  I>a»  Wcwii  dcr  Cliiniuwiiliiiiig."  Ilfrliii,  1S6S).  Tlie  llikk 
liDc*  represent  the  wall?  of  the  hlootl  vessel,  ami  nunic rous  leucocytes  nrv  shown 
'  bull)  iruidcof  it  and  miisidc,  ili>thl>uted  lliruiigh  the  adjoining  tissues^  n  repre- 
,  tents  ihr  vcttcl  before,  arid  fi  after,  the  Imai  uppliaition  uf  qtiinin.  llle  leu- 
cocytes vutside  the  ve&sel  h^ve  Ihcir  niovemenls  arrested,  and  cannnt  wamler 
on  thtough  the  liuun,  while  those  iiiiiJc  are  not  affected  and  coitliniie  to  emi- 
grate ;  I*  reptTKnts  the  rflTccl  of  quintit  injected  into  the  ciiL-ulatiun  or  lymph- 
Mc  T)ie  leuciTytc-"  iii>i(ie  the  ve-tsel  are  here  ftfirclcd  iixsi  and  their  emigre* 
I  Uupped,  while  ibuie  out&ide  stilt  continue  tu  tniTcl  onward. 


V 


.  solution  of  0.5  to  I  in  1000  is  sufficient  to  Inhlhit  the  morementH  of  leutr^- 

yertti  on  the  wanned  slide,  and  a  Ktmewhat   larger  doM:  cau5ies  their  disinte- 

[|*rBtioQ.      Il  art»  in  this  mannrr  al-«n  in  the  inlnci  nr^nnism  in  the  frnf;  (Fig. 

'  631.      When  llie  raeseiitery  of  thts  animal   c  enpised.  leucorytc-j  in  active 

iu»iii)D  ftfc  seen  inside  andouf^de  of  ihc  v»m^I  i  Fig.  63,  <i>.     If  <]uinin  is  now 

ap|>liefl,  the  movement  uf  the  celU  oiilside  of  the  blraxl  will  be  arre^led,  whilst 

those  m  the  Itlor^id  stream  still  emigrate.    The  reMilt  is  an  accumulation  of  cells 

[  «bout  tb«  vexiel  wall  { Fig.  63,  6\.     If  the  quiniii  is  injected  into  the  vessel, 

1  the  rererse  tokei!  place.      The  mnvemenl  of  the  cclU  in  the  blood  Is  arrested, 

I  prevcntinf*  rnugnition.  whilst  ihoae  outside  do  not  come  into  contact  with  the 

oiton,  ctmlinuc  to  move  away,  and  leave  a  clear  zone  about  the  vcskI  \e). 

•ctinn  dnes  not  cume  into  play  m  maromaU,  since  the  necessary  dose 
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Winuld  kill  Ihff  animal.     It  is  stated,   however,  llial  qutoin  diminisheft  the 

Duraberor  leucocytes  iii  the  blood. 

3.  A  much  weaker,  but  none  the  less  certain,  action  is 
seen  on  yeast  and  bacteria.  The  solution  must  contain 
2  to  8  in  io<_)0. 

3.  Striped  Muscle. — The  slrcng;t)i  of  the  individual  conlnictionaniajrbe  iD- 
crcosed  ns  much  a«  six  times  by  tnudenite  closes,  hul  the  miMcte  ut  much  more 
auickly  fatigued,  an  ihai  the  total  work  is  le^  than  in  (lie  uripoiwii^d  muKJe. 
As  the  same  phcm>mcnon  is  ob«rved  in  curerizcd  muscle,  it  must  depend  upon 
B  direct  actiiin  on  the  niu^le-Bbcn.  Somewhnl  slrongtr  d(Me«  lower  the  con- 
traction from  the  start  {Fig.  64).  Strong  sululionB  ptoduce  a  rigor  after  the 
BDaniMnr  of  caiTein. 


Fig.  64. — Quiuin  on  muscular  contractwn. 

4.  Tlu-  cardiac  muscle  in  the  frog  is  slowctJ  by  i  :  50,000 
solution  and  weakened  in  its  contraction  ;  its  effectiveness  is 
consequently  diminished.  The  slowing  occurs  after  atro- 
pin,  and  is  tlictcforc  muscular.  A  i  :  5000  solution  kills  the 
heart  in  a  few  minutes. 

5.  Mammalian  Circulatioo. — In  mammals  and  man 
small  doses  cause  first  a  guickendd  pulse  with  rise  of  Ntxtd 
pressure. 

Tlie  cause  of  ihc  former  is  still  under  dispute,  but  is  pcrhajM  central.  The 
rise  of  prcMurc  <le)>ciid«  mainly  upon  a  THtJoconttrittion^  but  the  cause  of  this 
is  alfio  Ntill  undrtenninrd  [l  mny  pos«ilj|y  be  due  to  a  direct  sttmalatioci  of 
the  un4tri|>ed  muKlvA  of  the  h1(xx]-vc&.\c)s. 

Larger  doses  (in  man,  from  i  Gm.  upward)  cause  a  fall 
of  blood  pressure  and  slowing  and  weakening  of  tl)e  heart 
from  the  outset. 

The  fall  is  due  in  part  to  vaseditalaHon,  The  slowing  and  weakening  of  the 
heart  are  ■natcfrnus  to  iliose  observed  in  the  frog.  It  is  seen  in  the  e^tiitJ 
organ  (Langendorff  method  I.  In  this  it  often  causes  irregularity,  but  may 
regulate  the  heart  if  it  is  already  irregular. 


6.  Smooth  Muscle. — This  shows  no 
quinin. 


ses  irreguianiy,   wu  may  1 

marked  reaction  to      H 
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Bol  this  U  not  »yit^  thnl  quinin  does  nut  act  upon  it,  Tor  a  dight  acliun 
on  smooth  muiclc  is  ntU  easily  afcexuMt  loct'ietX'ulioM.  Il  is  crTtirinly  mit  vrry 
siroiig ;  the  mtxx  likely  <riample  would  hr  ils  nction  on  the  «rterioIes.  tV»M- 
traittofu  e/  thr  sfiletn,  uierm,  and  inttittnti,  whi^h  may  sometimes  be  seen, 
bavc  been  rereired  to  Mich  m  direct  actioti  on  stiiouih  inuiiclc,  but  tbi&  expla- 
natiuo  is  nut  very  probable,  sioce  lhe«  phenomena  are  observed  in  only  a  very 
small  pcivcntagc  uf  caM:&;  and  as  these  conlractioiis  are  never  foUowed  by 
paralysis  (his  would  he  opposed  to  all  the  other  actloos  of  the  drug.  No  ex> 
plaaation  cad  be  given. 

7.  Another  manife-station  of  the  toxic  action  of  quinin 
is  in  the  local  irritation  which  it  produces  at  the  place  where 
it  is  applied.  When  given  h\'podcrniically  it  gives  rise  to 
severe  pain,  and  may  lead  to  abscess  formation.  When 
given  by  the  stomach  it  causes  in  large  doses  gastralgia^ 
nausea,  vomiting,  and  diarrhea.  It  also  retards  the  absorp- 
tion of  sails,  and  probably  of  food.  Its  excretion  through 
tlie  kidneys  may  jjive  rise  to  nibuminuria  and  hemoglobinu- 
ria. And  it  seems  not  unlikely  that  a  ^kin  eruption  which 
is  sometimes  observed,  results  from  tlie  irritant  clTects  of  its 
excretion  through  this  channel. 

8.  The  action  of  unformed  ferments  is  retarded  by  it 
Evidences  of  this  antift-rmcnt  iictioii  may  he  seen  in  many 
directions.  The  most  important  are :  Diminution  of  the 
fixygenatiug  penver  of  blood  and  of  protoplasm  ;  slowed 
acidification  of  shed  blood ;  lessening  of  the  amount  of 
hippuric  acid  formed  when  benzoic  acid  is  circulated  through 
the  excised  kidney.  Of  the  digestive  ferments,  pepsin  and 
trypsin  are  hindered,  pt>'alin  and  diastase  less  so.  It  also 
lessens  the  glycogenetic  function  of  the  iivcr  ;  /.  e..  the  post- 
mortem transformation  of  the  glycogen  into  sugar. 

9.  Effects  upon  Digestion. — These  can  easily  be  deduced 
from  the  above  datii :  It  hinders  the  action  of  the  ferments 
and  absorption  of  the  products.  A  favorable  action  which 
it  might  be  supposed  to  posscs^as  a  bitter  is  largely  coun- 
terbalanced by  the  unfavorableMactions  mentioned  ;  conse- 
quently the  utilization  of  food  tw5s  to  be  lessened  when  even 
small  doses  are  used  continuously. 

10.  Effects  upon  Metabolism. — An  influence  upon  this 
belongs  to  the  earliest  actions,  and  may  be  obtained  even 
with  doses  too  small  to  show  any  other  eflect 

FnuD  iu  tuxic  action  uo  urotoploun  uiie  would  expect  to  find  first  an  in- 
and   then  a  la-Ming  diminution  of  mclubuli&u,  currrapondiiig  to  the 
iooeuc  and  dtmiaution  in  FurKtional  activity. 

Tliis  is  indeed  what  is  seen  in  regard  to  the  excretion 
of  nitrogen.     There  is  first  a  slight  increase,  then  a  very 
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marked  diminution,  wliich  may  reach  as  much  as  39^  with 
large  doses. 

One  would  be  tempted  to  m»cribe  this  diminution  of  nttrogen  to  the  dimin- 
isHed  litiliMtioji  of  food  Although  this  undoubtedly  plays  h  part  in  it.  the 
diminished  c^xcrciioii  n  uiit  of  all  proporuun,  k>  that  the  nitrc^rn  conlenl  of 
tliE  Irody  incieaMTS.      Large  du^s  of  ciachonidin  have  a  similar  acliuti. 

This  marked  innucnce  upon  nitrogen  metabolism  is  in 
conspicuous  coutnist  to  its  want  of  influence  upon  oxidation. 
The  quantity  of  O  absorbed  and  COj  given  off  is  practically 
unaffected  by  medicinal  doses  (u]>  to  1.5  Gin.).  Tliere  is  a 
slijjht  increa.se,  but  not  more  than  can  be  accounted  for  by 
the  excitement,  chilliness,  etc 

These  effects  upon  mctnboH»in  mrc  of  great  imporlAnce  in  expUinine  the 
cfTects  upon  teniperAiure,  as  will  be  seen.  But  before  Taking  up  lhi<)  subject, 
il  t»  uctesaary  lo  study  the  effccii  upou  tlie  ceulia.!  iicrvutis  sy^letu. 

II.  The  effects  upon  the  central  nervous  system  con- 
si.st  in  a  rather  slozv  gtneral  paralysis,  probably  preceded 
by  stimulation  ;  the  latter  is  rather  diflaciilt  to  make  out  in 
mammals.  In  ffogs  there  is  first  an  increased  reHex  irrita- 
bility'. Thi.s  is  followed  by  loss  of  spontaneous  movement, 
then  paralysis  of  respiration,  and  lastly  of  the  cord,  the 
plienomena  bearing  a  general  resemblance  to  those  of  the 
action  of  morphin  (see  p.  198). 

'Die  stu^c  uf  stiniululiuii  is  &aid  (i>  be  mure  marked  with  ciocliouin  and  cin- 
chonidin.  since  these  ]>nx]ucr  convuKioits  ^  Tlie>c  are  cpileptifumi  in  char- 
acter, but  ihnir  seat  has  not  yet  been  definitely  lixrated.  Probaoly  (hey  are  not 
Conlincd  lo  any  obc  center.  In  ullier  reape^ls  tltcite  alkaluids  uKree  qualila- 
lively  with  quintn, 

The  depressing  cfTccts  upon  the  hemispheres  are  much 
less  marked  in  mamtnals,  but  a  tfitnittishiti  apprecialion  vf 
pain  can  be  distinctly  made  out.  and  upon  it  rests  the  em- 
ployment of  quiiiin  against  neuralgic  and  rheumatic  pains. 

One  of  the  most  constant  early  symptoms  of  larger  doses 
of  quinin  is  headache,  ringing  in.  the  ears,  and  disturbed 
vision,  a  complex  of  .symptoms  grouped  together  under  the 
name  tjf  anchonism.  These  arc  not  due  to  any  action  on  the 
centra)  nervous  system,  but  to  local  changes  in  the  circulation. 

In  the  case  of  the  tiiT  ihete  is  g  marked  hyprremia,  which  can  lie  made  oat 
by  dirrci  Rxaminalinn,  It  may  lend  lo  chronic  inflammalinti.  The  retina,  on 
the  other  hand,  ^how^  a  (omtrictton  of  its  vrsacls.  No  cxpIaiiali«Mi  haii  yet  been 
offered  for  these  local  vascular  cliangcv  I1iey  are  to  a  greai  extent  iubjcii  lo 
iitiasyturftsf,  being  much  more  pronounced  in  some  individtimls  than  in  others. 

1  The  sarat>lcs  {Schuchardt's)  exAinined  by  the  aulhor  had,  however,  very 
little  conTaliuil  acliaa  ;  ibc  dlKhonin  had  more  than  (he  cincbooidin. 


:H0NISH — TEMPERATUIiE. 

I  cotutricticm  of  retinal  vessels  may  be  «>  severe  willi  [ar^e  doses  u  to  cause 
eraiioii  of  the  ganglion  ccIIk  fmm  insufHcient  nutnlion.    It  mayaJM^  lead 
lloeiudflUun  into  the  reliiia,  and  hence  ptTrmnnent  blindness.      Kor  this  reaaun, 
Ivitntei  have  been  kujjgerted  a&  trcatmeul,  btfure  the  exudation  has  fonticd. 

With  still  larger  ttoses,  there  are  photophobia,  dca/ncss, 
land  bfitniutss,  at  first  partial,  later  complete.  These  are 
Iprobably  partly  central.  There  are  difficuity  of  speech,  con- 
Vj'usion  cf  ideas,  somtioletue.  Then  loss  of  consciotisncss, 
laltcmating  with  delirium,  coma,  and  at  times  comndsions. 

It  luu  b«cn  doubled  whether  the  InKer  are  rtally  due  (o  quinin  or  to  the 
accideotal  pre>«acc  of  kkik  of  the  convulunl  cinchona  tlkaloKu. 

General  paresis  may  appear,  preceded  by  general  depres- 
sion and  muscular  weakness.  The  final  symptoms  arc 
^kthosc  of  elapse,  due  to  general  paralysis  of  the  central 
nervous  system,  and  in  part  also  of  the  heait.  The  rcspira-' 
Uny  center  shows  a  short  primary  stimulation  with  following 
more  marked  paralysis.     The  latter  is  the  usual  cause  of 

I  death.  But  since  the  medullary  centers  are  not  markedly 
afifccted  until  very  late,  quite  large  doses  are  often  survived. 
The  fatal  dose  is  usually  given  as  8  Gm.,  but  30  Gm.  have 
been  recovered  from. 
I  f I  is  doubtful,  however,  how  much  of  this  realljr  entered  the  circulation, 
since  the  kulpliate  i^  very  iiisuliible,  so  that  a  Iar|;r  ainuiiiit  may  not  huve  been 
■b&ort>ed. 

The  ftripktrnl  nemn  aie  uot  marketlly  afTccted,  excejit    the    jMUMin    be 
applied  directly,  when  it  will,  of  course,  kill  them  just  as  utber  protoploMn. 

12.  Effects  on  Temperature. —  Wieii  the  temperature  is 
normal,  small  *loses  iiftiuinin  cause  a  slight  lise.    In  some- 
1%'hat  larger  doses,  but  n<it  sufficient  to  cause  a  marked  col- 
apse,  it  gives  an  insifjnificant  fall.      In  doses  which  produce 
slIapK  it  causes,  of  cour.sc,  a  marked  fall  vi  tem[>enilure 
Trough  this  condition — i.  c,  by  lowering  the  circulation  and 
ic  respiratory  exchange. 
Ih  hyperpyrexia  the  temperature  is  markedly  lowered  even 
by  moderate  doses. 

Thtft  antipyretic  action  is  not  as  pronounced  aa  with  the  antipyrin  and 
salicylic  acid  f;roupf>. 

The  cause  of  this  reduction  of  febrile  temperature  appears 

lite  complicated,  but  Jt  consists  mainly  in  a  dimiit' 

' production  through  a  direct  action  on  the  luat-pro- 

iucingfiyci.      It  could  conceivably  result  from  one  or  more 

the  following: 
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Diininbhed  Meat  ProductioD:  Increased  Heat  Loss: 


Direct  action  on  heat- producing  foci.  Direct  action  on  viMxIilator  oiecbao- 

ism  of  ^io. 


Indiiecl  actiuD  un  heat  pnxlucliun  anil  dis^patiuQ  thnmgb  tbcnDO-icgulalJtig 
ctaten, 

Gcoeral  collapse  action. 

Cahrimctnc  cxperimettts  show  that  the  heat  production  is 
considerably  diminished,  whilst  the  heat  loss  is  not  greatly 
increased.  Consequently  quinin  acts  mainly  upon  heat 
production. 

Quinin  produces  a  slight  difatatioH  of  the  cMane»tii  vessels,  which,  sitKe 
the  genet-al  blood  pressure  ts  not  diminished  by  ordinary  do«es,  increases  the 
liesi  luM.  Rut  since  this  txrcurs  alw)  with  iiuruiul  animaU  whuM-  lemperalare 
b  not  marked!)-  affected  by  quinin.  it  caoDot  play  a  very  important  rMe. 

Quinin  lower*  the  temperature  in  animals  in  which  the 
spinal  cord  has  been  divided.  Consequently,  its  action  is 
V£K^\x\\y  peripheral,  although  any  collapse  which  it  may  pro- 
duce would  also  express  itself  in  a  fall  of  temperature. 

The  evidence  so  far,  then,  indicates  that  i/te  aeeiort  is  a 
local  one  upon  the  heat-producing  foct ;  and  this  is  indeed 
what  one  would  have  expected  a  priori. 

The  moM  important  neat  of  heat  production  is  in  the  musclei ;  neal,  in  UiC 
glands.  \Vr  have  already  M'cn  thai  quinin  at  first  increises  and  then  dimin- 
ishes initscular  work,  and  ii  is  not  unreasonable  to  sujjpose  that  it  would  have 
the  same  effect  upon  the  pi4>cluctioti  of  heol  in  these  organs.  And  it  «ttll  be 
remembered  thai  the  heal  prr«duciion  of  the  body  i«.  in  accordance  with  ihis 
explanation,  at  firft  increased,  then  diminished  by  it.  There  is  Icm  dired 
evidence  in  regard  to  it«  action  on  glands  and  other  body^cells ;  bni  when 
the  general  depressing  effect  upon  all  cells  is  reTneni>>errd,  and,  furllier,  its 
interference  with  ferment  actions,  inside  and  ouiside  of  (he  cell-body — actaoof 
which  piny  so  large  a  |«rt  in  metabolic  prr>rrsse* — it  seems  very  rraomiable 
that  the  general  melaboJisni,  and  in  convqiience  the  prodaction  of  beat, 
should  be  lessened  by  it  in  cells  other  than  those  of  the  muscle. 

Wc  find  a  direct  evidence  of  it.^  rflects  ujwn  metalmlism  intheeicrelinti  of 
nitnigen^  since  ibis  is  at  first  slightly  increased,  but  laier  largely  diminished 
But  here  a  difhcully  arisen.  We  have  been  accustomed  to  look  upon  the 
excretion  of  CO,  as  an  index  of  chrmir  changes  rrsidlitig  in  the  liberalion  of 
energy  and  consequctiily  of  beat :  and  the  excretion  of  CO,  is  not  aflccied  by 
qiiinm.  But  since  the  calorimeter  shows  conclusively  that  the  production  of 
heat  is  dimiiiiMicd  by  it  in  fever,  this  interesting  fact  mcrrly  farces  us  In  ihe  con- 
dubion  that  oxidation  isn<3/theonly  source  of  heat;  that  heal  may  also  be  liberated 
by  other  changes — by  the  splitting  or  hydiulion  of  nitrogenous  molecules,  in  the 
course  of  which  tlie  nitrogen  is  converted  into  urcn  ;  and  that  these  changes 
■re  those  which  are  hindered  by  quinin.  If  it  be  supposed  that  this  fomi  of 
beat  production  is  especially  prominent  in  fever,  — and  this  seems  quite  pmba> 
bLe,  ~  the  fact  that  cjuinin  acts  uu  febrile,  and  not  on  norma),  tetnperaiurc  b 
al»o  explained. 


I 
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13.  Action  on  Malaria. — The  spcci6c  action  of  quinin 
[in  this  disease  is  due  to  its  toxic  effects  upon  ttic  protameba 
[causing  tlic  disorder. 

This  is  especially  5inc«ptible  to  it.    Oq  a  slide  a  1  :  10,000  solutioo  imineiti- 
I  ately  amsli  ihe  movements  uf  the  paraMtc,  and  similar  phenomena  occur  in  itie 
dj.     About  three  houn  after  the  administrattan  nf  quinin  by  the  mnuth,  the 
•lobular  fonns  of  tertian  and  quartan  fever  became  imnigbile,  granulnr, 
cir  nucleoli  and  Uieir  aflinity  fur  certain  staiiu.     Several  hours  later  tbey 
:  »ceti  deformed  and  fngmcntcd. 

The  quinin  docs  not  act  equally  on  tlic  parasite  in  all  the 
|at^^  of  its  development.      Its  strongest  action  is  upon  the 
forms  which  are  just  breaking  into  spores  (Kig.  65,  10),  and 
^lipon  tile  free-swimminy  organisttw  (l  I);  it  is  much  weaker 
on  the  older  segmenting  bodies  (7  to  9),  and  least  upon 
tie  young  endoglobular  forms  ( 1  to  6). 


O®® 


0<5<p 

j.— Sooic  €tt  ihe  principal  form*  as^unlcd  by  the  plasmodtam  of  (ertiao 
r  in  the  oootm  of  iu  cycle  uf  devclopinetu  (after  Thayer  and  f  IewetJioii|. 


Since  the  latter  exist  in  the  blood  j  ust  before  the  paroxysm, 
ind  their  sporulation  gives  rise  to  the  characteristic  chill  and 
Jfever.  and  since  quinin  dotsi  not  act  upon  tinrin,  it  will  not  be 
iefltctual  against  the  oncoming  paro.vysm.     But  if  it  is  given 
at  this  time  it  will  be  present  in  the  bU>od  when  tiic  siwres 
kre  liberated,  and  as  these  are  most  susceptible  to  its  action. 
:  will  kill  them  and  thus  prevent  the  development  of  the  new 
lc>'cle  (providing  tliat  the  dose  has  been  sufficiently  large). 
It  should  therefore  be  given  several  hours  before  the  expected 
iroxysm,  so  as  to  allow  time  for  its  absorption.    The  dose 
iiotild  then  be  quite  large :   i  to  2  Gm.  given  two  to  three 
>urs  before  the  expected  attick  (which  will  in  all  proba- 
>ility  occur),  or  0.3  Gm.  four  to  five  times  a  day  in  the  inter- 
val.    It  also  seems  to  act  as  a  prophylactic.     It  must  be 


QUININ    GROUP. 


Cri.   XVI. 


taken  continuously  for  tliis  purpose,  since  it  is  quite  rapidly 
excreted — o.  i  to  0.2  Gm.  every  morning. 


d 


Ul.  OTHER  THERAPEUTIC  USES  OF  QinNIN. 

1.  Fevers. — The  antipyretic  efTcct  of  quinin  may  be 
used  in  any  (ever  ;  but  the  coal-tar  antipyretics  have  largely 
forced  quinin  out  of  tins  field.  It  possesses  an  advantage 
over  these  in  a  more  prolonged  action  and  in  less  risk  of 
collapse;  but  it  d<K:.s  not  take  effect  as  rapidly,  and  the 
large  doses  required — 0.3  to  1  Gm. — produce  the  annoying 
cinchonism.  This  can  be  greatly  lessened  by  giving  it  with 
a  hromid.  Anothfr  unpleasant  side-action  seen  in  a  few 
individuals  consists  in  a  srar/afifM/  tkruuxtitis  or  urticaria. 
It  is  said  that  this  is  abolished  by  atropin.  Like  the  other 
antipyretics,  it  is  most  efficient  when  the  tcmpeniturc  has  a 
natural  tendency  to  fall.  It  takes  about  two  huurs  to  act, 
and  should,  therefore,  be  given  about  tliat  time  before  an 
expected  fall  of  temperature. 

Il  IiM  been  syggcstcd  thai  its  efficiency  in  fever  is  due  lo  an  antiKptk 
action  on  the  blooU.  This  U  iml  the  case,  since  bacteria  arc  very  rc&uLut  to 
il,  and  •Kf>\\\A  not  be  affected  by  it  in  the  conceinration  in  which  il  could  extd 
in  (be  blood. 

2.  Splenic  Enlargement.— In  the  spleen  of  malaria  its 
effect  is,  of  course,  largely  secondary;  but  good  results 
have  been  claimed  for  it  in  other  cases.  If  this  be  true, 
they  could  perhai>s  \\e  connected  with  its  action  in  dimin- 
ishing the  number  of  leucocytes. 

3.  Neuralgias  and  headaches  are  sometimes  benefited 
by  its  use.  The  cause  of  this  action  is  still  obscure.  It 
may  be  due  to  its  general  analgesic  action.  Another  lhcoi>' 
which  has  been  suggested  is.  that  these  neuralgias,  etc.,  are 
due  to  the  presence  of  nitrogenous  waste-products,  and  that 
quinin  acts  by  limiting  the  formation  of  these. 

4.  Colds  arc  fretiuently  treated  by  it,  in  doses  of  from 
0,06  t"  Q.2  Gm.  ( I  to  3  grs.).  When  it  has  any  effect  at  all. 
this  must  depend  upon  its  anodyne  and  antipyretic  actions. 

5*  As  a  bitter  substance  it  ma)'  act  as  a  stomachic  and 
consequently  as  a  tonic  ;  but  it  is  rather  inferior  to  other 
bitters,  since  its  continued  use  leads  to  an  impairment  of 
digestion  and  of  absorption. 
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rv.  METHODS  OF  ADMINISTRATION. 

The  administration  presents  some  little  difficulty,  since  on 
the  one  hand  certain  of  its  salts  are  very  little  soluble,  and 
the  othens  have  a  very  bitter  taste. 

Smail  Josfs  of  quinin  sulpliate  or  hydrochlorate  may  be 
easily  given  in  the  forms  of  pills  or  capsules  ;  nr  in  .solution, 
the  taste  being  disguised  by  glycyrrbiza.  (No  acid  must  be 
prescribed  witli  the  latter!)  The  tannatc  ()r  tlic  pure  alka- 
loid may  also  be  given,  but  tliey  are  probably  less  efficient. 
Being  insolublo,  they  arc  practically  tasteless,  and  act  only 
as  tliey  enter  into  combination  with  the  acid  of  the  gastric 
juice. 

Large  doses  of  quinin  sulphate  in  pills  or  powder  are  prob- 
ably largely  wasted,  since  tliey  are  not  dissolved  or  ab- 
sorbed ;  the  sulphate  requires  740  parts  of  water  for  solu- 
tion. The  hydrochlorate  is  more  soluble  (l  :  35),  but  the 
bisulphate  is  the  best(i  :  10). 

It  13  custoiunry  not  to  prcscdbe  the  biNuliihate  Jiicclly.  but  the  sulphate 
brcngbl  into  Milulion  by  the  addition  nf  a  Mifficiriil  quantity  of  dilute  ^^ulphiiric 
■cid.  The  quantity  f>f  acid  should  be  rnther  in  exi.e<.s.  If  it  i»  only  just  ef- 
ficient, Mime  sulpbnlc  will  l>e  ptciipitatcd  on  lite  luiii;uc  by  the  alkaline  .saliva, 
and  giyr  rise  10  a  Tciy  ix-rsistenl  after  innXc.  There  will  lie  very  little  of  ibis 
if  an  excc»9  of  aiid  i*  used  and  tlie  tuoutb  ringed  aftei  woid. 

The  hypodermic  use  of  quinin  is  very  painful  and  gives 
irise  to  considerable  irritation.  It  is  only  justified  when  a 
very  prompt  action  is  required.  It  is  then  injected  deeply 
into  the  tissue  of  the  gluteal  muscle. 

Tbe  best  method  is  lo  combine  it  with  auliiiyrin  (fliree  parts  of  the  quinin 
IrfdrocSltarmte  tn  two  of  the  aniipyrin),  nnce  this  greatly  ina-enses  the  solubility. 

'  It  has  also  been  used  in  intravenous  injection,  but  this 
would  require  great  caution  on  account  of  its  action  on  the 
heart 

Quinin  is  fairly  readily  absorbed  from  the  stomach  and 
exi-rtUd  in  large  part  unclianj^cd  in  the  urine,  most  of  it 
very*  quickly.     Other  e.xcretions  may  also  contain  it. 


V.   MATERIA  MEDICA. 


Ciflchona  ( U.  S.  P. ,  B.  P.  V — Prrm'ian  Bark.  — The  bark  of  various  species 
oT  Ciifhfna  ( Rul>iac«i:|.  They  mu^t  cnntoin  at  least  5'^  of  total  alkaloids, 
and  at  lenit  3.$^  of  cjuinin. 

Cintkona  Rubra  (LI  S.P.,  B.P.).— Tlie  bflrk  of  C.  iucrirtU>ra. 

The  lree«  yielding  cinrhona  are  indigenous  to  the  mountainous  districts  of 
1^  ADdies  in  South  America.    The  natives  were  acquainted  with  the  medicinal 
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Tolue  of  this  "tree  or  health,"  utd  Iht-  bark  was  brought  to  Europe  by  the 
early  explorers.  It  rece'iveti  it-s  name,  cinchona,  from  the  Coiintes.1  OiinchoD, 
whu  was  one  of  the  hrat  to  receive  itA  benetits. 

At  present  practically  all  the  barks  of  commerce  are  from  cultivated  trees. 
This  anchons  cultivation  is  carried  on  in  a  number  of  5ubtropical  mounbUDOas 
countries  possessing  a  rather  moist  climate — especially  iq  IndiA. 

The  U.  S.  FbarmacoiKcia  does  nut  disciiminatc  between  the  diflerenl 
species.  Itetween  thirty  and  Ihirty-six  of  these  are  recognized  ;  but  many  are 
probably  mere  variations  and  hybrids.  The  most  important  are  :  C  Cahuya 
(yellow  baric ) ;  succirubra  (ted  baric)  ;  olficiiialis  ;  lancifolin ;  micrautha  ; 
scrobiculatn. 

The  eanstituentstirt :  Certain  acids  (quinic,  (juinovic,  etc. );  TatiHtH,  asdo- 
chotannic  acid  (2  to  4% },  which  yicld.s  green  ciilur  with  iron  ;  cinchona  red,  a 
derivative  of  the  preceding  ;  gnm,  wax.  resin,  etc! 

A  vety  large  numt>er  of  aliculoids  have  been  isolated  ;  many  of  the«e  un- 
doubtedly ariM;  in  the  ccitinie  of  the  ttianipu [aliens.  The  most  important  ate 
in  italics : 

QuiHiM,^  QuiHidin,  Quinicin. 

Quinftmin,  Concjuinaniin,  Quinamidln,  Quinamicin. 

Cinchonin,  CinthonidtM,  Cinchonicia,  Homocinchunicin. 

(Those  on  a  line  are  isomeric.) 

Wlu-n  the  crystal  I  izablc  a[kaIoid.s  have  been  aeuaralctl  from  cirMzhona  cx- 
tracls.  t'vajKtnitinii  of  ilic  mother  liquor  yields  a  l>n>wn  rxinct.  Ckin^idim 
(<juinoidiui,  which  contains  amorphous  alkaloid».  muialy  Ut<inclKinKin  and 
i>t'tjuiuidiQ. 

*Cufirec  Sari,  froin  Reniiju  pedunculata,  Rubiiiccn:,  coritatn?>  fur  the  raoM 
part  the  same  allcaloidft,  but  no  cinchotiidin.  It  is  used  in  the  manufa<.'ture  of 
quiniu. 

Prefitratiims, — These  have  no  advantnge  overquitun,  and  since  tbeyue 
incompatible  with  iron,  and  the  alcoholic  prcpamtJODs  also  with  water,  the 
alkaloid  should  be  prcferml. 

Jnjttsum  CtHi'fi*>nu:  \  U.S.  P, ).  —  6j)t  with  I  ^  aromatic  sulphuric  add. 
D«i€ :  30  to  ooc.c.  (I  to  2  o».  ]. 

InfHsum  Cimhona  Acidum  (B.P.).— 5$.  Contains  a  small  pcDportion  of 
aromatic  sulphuric  acid.     Dnse  :  As  the  infumon. 

Extr.Hium  CuuhoHa  tU.S.P.). — Di^tf :  0.3  to  3  Cm.  (5  to  jo^rs.}. 

Extr<utum  CincAen^  Fluittuw  (U.S.P  ,  B.P.).— />Me.-  0.5  to  4  c  c.  (lOto 
60  minim»), 

T.netma  CindtoHa  (U.S.P.,  B.P.).— aojt.  I>9te:  a  to  8  cc.  ()<  to  a 
dtachms). 

,*»  Tinetura  Cinchona  Com^tita  (U.S.P.,  B.P.).— 10%  of  Red  Qd- 
chonn  ;   Bitter  Orange,  Serpentnria. 

The  above  prcpanxtion>  coiitniu  glycerin  and  66  to  8o<(  of  alcohol. 

•  Ttnctnra  CiNcAcntt  Detannata^  N.F. — The  official  tittcturc  with  the  tannin 
removed  by  iron. 

f\Ji/ijnr  CinektHa  and  Elixir  Cinekttma  Drtannatmn,  N.K.,  cootaia 
3J6  of  Cincliona.      Dvte;  ad  libitum. 

*  Elixir  Quinine  CompoiiituM  (a  substitute  for  dnchona).  0. 2  quioin  sul- 
phate, 0.1  cirtchonidin  s.  ;  O.I  dnchonm  s. ;  in  100  cc.  Aromatic  Elixir 

Alkaloids  and  their  Salts.— Their  dose  jk  0.03  to  1.5  Gm.  <>«  to  25 
gri.)  [0.03  to  0.05  a%  tonic  ;  0.05  In  0.25  for  colds  ;    I.O  in  malaria}. 

1  Name  from  qmrnty  bark. 
*  Unofficial. 
The  tDost  importaol  preperatioas  are  maiked  ^%< 
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One  part  of  salt  is  soluble  in : 

Solubility. 
Water,  Alcohol, 

Parts.  Parts. 

Quinina      1670  6 

^*^QuiniHa  Sulphas      740  65 

Quinina  Bisulpkas       lo  32 

Quinina-  Hydrohromas 54  0.6 

^ ^Quinina  Hydro^hhras 34  X 

Qninidina  Sulphas        lOO  § 

Cinehonina 37^  11^ 

Cinchonina  Sulphas 66  10 

Cinchottidina  Sulphas      70  66 

•  Chinoidin.     Same  dose. 

Preparations. 
The  N.F.  Elixirs: 

*£Iixir  Quininx  Compositum  ;  Elixir  Quininx  et  Phosphatutn  Compositum  ; 
El.  Cinchoiue  et  Ferri  ;  El.  Cinch.,  Ferri,  Bismuth,  et  Strych.  ;  El.  Cinch., 
Fcrri.  et  Bismuth;  El.  Cinch.,  Ferri,  et  Calcii  l^ctophosphatis;  El.  Cinch., 
Ferri,  et  Pepsini ;  EI.  Cinchonse,  Ferri,  el  Strychn.  ;  El.  Cinchona-,  Pepsini, 
et  Strychn.  All  eontain  0.4%  of  cinchona  alkaloids.  (Teaspoonful  =  0.016.) 
Dese .-  4  to  8  c.c. 

Syrupus  Ferri,  Quinina,  ei  Strychnina  Phosphatum.  —  Quinin  Sutph.,  356  ; 
Strychnin,  0.02  %  ;  Ferric  Phosphate,  2  % . 

A  favorite  way  of  giving  qninin  for  malaria  in  India  is  in  the  form  of  War- 
burg's Tintture — *TincturaAntipcriodica,  N.F.  This  contains  2j6  of  Quinin 
Sulphate  (each  tablespoonful  =  0.3  Gm, )  and  carminatives  (rhubarb,  aloes, 
camphor,  and  aromatic  drugs)  which  probably  aid  in  the  absorption  of  the 
quiniiu 

lyarAur^s  Pills, — *Pilula'  Antiperiodica,  N.F,,  contain  the  same  ingre- 
dients in  solid  form.  (The  pill  form  is  quite  irrational.)  Each  pill  :=  4  c.c. 
of  the  tincture. 

*  Not  official. 

The  moat  important  [UTparations  are  marked  ^\. 
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CHAPTER  xvn. 
SERIES  OF  COAL-TAR  DERIVATIVES. 


The  former  btgli  price  of  <jumtn  caused  cbeniste  and  pharmacologisn  In 
look   about   for  ciienper   rBicient   substitutes.      It  was   attempted   to   make 

auinin  or  similar  &ub»t:kiicck  ^yittlit^tically,  deputing  from  quiiioiru,  one  of  the 
ecompuMttim  products  of  quiniii.  WbilHt  IJiis  search  did  not  result  in  on  ar- 
tificial quiriin,  nor  even  of  any  substance  annlo^us  to  it  in  aLiitm,  It  brought 
to  light  a  very  large  niuuber  of  ^ubMnoces  iu  some  restpect^  even  more  valua- 
ble tnan  the  alkaloid  itself,  and  tterved  to  direct  attention  to  the  phamtaculngic 
sigiiihcance  of  the  derivatives  of  the  BrDniBtic  series,  or,  as  they  ore  more 
commonly  called,  of  coal-tar. 

These  possess  a  number  of  actions  in  common,  principal 
amongst  these  being — 

Summary  of  Common  Actions  of  Coal-tar  Deriva- 
tives : 

1 .  On  the  central  nervous  system,  stimulation  followed 
by  paralysis,  the  latter  predominating. 

2.  An  antipyretic  action  on  tiie  heat-centers. 

3.  An  irritant  and  toxic  action  on  prutoplasm. 

4.  A  quinin  action  on  muscle, 

5.  The  formation  of  methemoglobin. 
The  actions  are  exerted  in  a  difiercnt  manner  and  to  a 

different  degree  by  the  several  members  of  the  series, 
mainly  in  two  directions,  so  that  two  groups  can  be  made 
out. 

{A)  Antipyretic  Group. — This  is  distinguished  by  the  pre- 
. dominance  of  the  action  on  the  heat-regulating  center. 

(B)  Antiseptic  grottp.  characterized  by  a  much  more 
marked  local  action  on  protoplasm,  which  detcnnines  the 
usefulness  of  the  members  as  antiseptics.  The  effect  upon 
the  thermic  center  passes  much  more  readily  into  general 
collapse  than  with  the  former  group. 

Relation  to  Qmnin. — It  will  be  seen  that  the  action  of  the  series  agree*  in 
t  general  aianner  witli  thnt  of  qumin,  the  principal  difference  lyinj;  in  the  de- 
gree in  which  the  different  actions  are  exerted.  In  Ihe  antipyretic  poop 
the  principal  effect  is  upon  the  heat-regulating  center,  and  in  the  aati- 
seplic  group  upon  the  proinplasm,  and  so  violent  that  it  produces  Mcnw 
locally  and  collapse  centrally.  Quinin  has  both  ihtrse  nctinns  in  a  IcM  pn> 
DDunced  d^rree,  producing  itstnain  eHecls  by  a  mild  panlyxit^f  action  on  pn> 
toploso).  On  the  other  hand,  none  of  the  coal-tar  products  po»esse»  the  specific 
ant  i- ma  I  aria  I  power  of  quinin. 
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(A)  ANTIPYRETIC  GROUP. 

This  comprises  a  very  lar^e  number  of  compounds  ;  the 
most  important,  however,  can  be  arranged  under  four  head- 
ings:* 

/.  Acetanilid  (antifcbrin),  with  the  similar  compounds 
exalgin  and  benzanihd. 

2,  Pkenacttin,  with  lactophenin  and  salophen,  and  its 
compounds  phcnocotl  and  salophen. 

J,  Antipj'rin,   and    some    of   its    compounds,    resopyrin 

I  (with  resorcin),  hypnal  (with  chloral).    Antipyrin  is  derived 
from  phcnylhydrazin,  and  some  other  derivatives  of  this  sub- 
stance are  also  cmplo\  cd  ;  pyrodin  (with  acetic  acid),  anti- 
thcrmin  (with  lactic  acid),  etc. 
4,  KatriH  and  Thallin,  which  arc  quinohn  derivatives. 
I  I.  DETAILS  OF  ACTIONS. 

I,  Action  on  Temperature. — The  effect  upon  the  nor- 
^Hoi  temperature  is  sliglit,  just  as  in  the  case  of  quinin,  and 
may  result  in  a  small  rise,  unless  with  doses  sufficiently 
large  to  produce  a  marked  collapse  action ;  but  febriU  tern- 
peratiire  is  in  most  cases  reduced  to  normal,  or  even  below, 
by  even  moderate  doses.  What  is  the  cause  of  this  heat- 
regulating  action  ? 

The  reduction  of  temperature  is  accomplished  mainly  by 
an  increased  fuat  loss.  This  can  be  shown  by  caionmetric 
€xp€riments  upon  rabbits  in  which  hyperpyrexia  has  been 
established  by  puncture  of  the  corpus  striatum.  The  action 
is  central,  for  it  does  not  occur  after  .section  of  the  cord. 
An  increased  heat  loss,  again,  niay  take  place  through  an 
creased  production  of  sweat,  or  by  exposing  a  larger 
ount  of  blood  to  the  cooling  influence  of  the  surround- 
gs  by  dilatation  of  the  cutaneous  vessels.  In  the  case  of 
;hjis  group  it  is  accomplished  mainly  by  the  latter  means. 

Thr  dilatation  can  be  pifttnty  i^liuwn  by  the  plcthysmogmpb.  And  lince 
the  reUuctuiii  occur*  even  after  atrtipin,  wlikh  .«upprcft>cs  the  Nccretioii  uf 
(vreal,  the  lAttrr  ii  not  eivnlinl.  The  vaMtditatnl\on  is  tcnfiH/J  to  tfu  tuta- 
iwwwf  vtiitli.  and  lht-<  U  itn^^Mirlftnt.  since,  if  the  bl<H>d-vesscls  in  the  reinAtndcr 
of  Uk  btnlr  were  nl^o  diinlcd,  the  circulntion  thniaifh  ihc  »kni  vrould  be  dimiu- 
Uied  mhrr  (tmit  int^renspd.  ThU  limitatinn  of  the  vaKMlilatnliiin  to  (he  region 
CDoornieti  vilh  the  trgulaltm)  of  tem|)cralure  alw  poinls  to  the  central  action. 

I     Tiiere  is  also  some  diminution  of  tlie  heat  production  by 
limitation  of  the  mitabolism.     When  the  ttimpcrature  of  an 

*  For  the  compou'lion  of  these  sec  p.  364. 
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animal  Is  normal,  the  incmbcrs  of  this  group  have  no  verj* 
constant  or  marked  effect  upon  nitrogenous  metabolism ; 
perhaps  generally  at  first  a  small  increase,  followed  by  a 
diminution.  Antipyrin,  in  doses  of  2  to  3  Gm.,  causes  a 
small  but  unmistakable  decrease  in  both  gaseous  exchange 
and  nitrogen  excretion.  In  fever,  however,  the  diminution 
in  metabolism  is  quite  marked,  but  comes  on  after  the  fall  in 
temperature  has  set  in.  and  must  be  regarded  as  an  eflect, 
and  not  a  cause,  of  this  fall.  1  he  metabolism  is  always 
abnormally  high  in  hyjierpyrcxia.  and  removal  of  the  latter 
brings  with  it  a  decrease  in  the  former. 

Antipyrin  and  the  other  drugs  of  this  group  act,  then, 
upon  the:  heat-reguiating  center  when  the  temperature  is 
abnorniHlly  high,  and  cause  its  reduction  to  or  near  normal, 
by  increasing  the  heat  loss. 

This  action  must  be  conctived  tui  a  restoration  of  the  centers  to  their  nor* 
mal  pitch.  Ntiiiietous  fscl^  go  to  shtm  thiit  in  Tever,  as  well  «»  in  licallli,  the 
Center  exerts  n  rcgiiiaiing  iriHuencr  ;  hut  thr  lemperature  which  it  Mnvev  lo 
miiauin  is  an  abnonnal  one.  Wticlhcr  rhu.  lixAtinQ  of  the  leinpcniiute  regn- 
lAtion  at  the  normal  limit  i.'^  n  idimulaling  ur  a  <le]ircMJiig  actttm  of  the  aidi- 
P3rrin  b  «(ill  under  discussioii. 

The  structure  of  the  heat  regulating  centers  must  be  conceived  a.*  verycooi- 
pltratrtl.  Tlicrc  tnust  be  neurons  regulatiii|;  the  heat  ]mx)uclian  and  the  bent 
loss,  and  it  is  not  inconceivable  thai  there  may  be  separate  i/»s  for  raising  and 
for  lowering  these  functions.  The  action  of  drugfi  is  not  usually  W)  sharply 
sinriali/etl  th«i  one  woultl  ex[)ecl  »»  f^rion  tlwt  it  would  be  pos^hle  to  act 
upon  one  of  these  without,  to  some  extent,  involving  some  of  tlie  other  closely 
rclftlcd  .slructurtr^v—hoth  in  the  wa)-  uf  stiuiulntiun  niid  uf  paralysis.  The  final 
result  will  be  the  algrhmic  sum  of  these  actions. 

The  result  will  also  depend  to  a  ver>'  great  extent  on  the 
previous  fimctional  activity  of  the  centers.  Thus,  tliere  is 
a  peculiar  difierence  in  the  susceptibility  of  different  fn*€n 
to  antipyretic  drugs;  lligli  continuous  fevers  react  least, 
those  of  an  intennittent  tj^je  being  most  amenable ;  and 
with  these,  again,  the  greatest  effect  is  produced  when  the 
action  falls  in  tlie  period  of  the  natural  decline  of  tempera- 
ture. 

Sometimes  antipyretics  may  even  produce  a  "  paradoxical 
action  " — a  rise  in  temperature. 

2,  The  action  on  the  remainder  of  tlic  central  nervous 
system  consists  in  stimulation,  followed  by  paralysis.  Wc 
can  distinguish  a  narcotic,  a  convulsant.  and  a  collapse 
efiect,  these  passing  insensibly  into  each  other. 

(A)  A  sHi;ht  narcosis — a  diminished  sensibility  to  pain 
and  a  certain  degree  of  somnolence — may  be  seen  with  all 
antipyretics,  and  enhances  their  usefulness. 
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It  x\  not  undfrstnod  in  whni  way  this  is  prcMlucpil.  I(  is  not  T«n' lurge 
with  ordimuy  doMS,  and  these  can  not  well  I>e  exceeded  for  fear  of  tlic  cuUapsc 
AcDim.  In  UutaphmiH  alonr  i«  it  strong  onuugli  In  pntduce  a  typical  iiiLrcosts 
in  ilcues  in  which  ihnr  is  no  iknger  nf  collapse  ;  iinil  this  dni^  niighl  pi^HiAps 
(mni  •  vkluAble  subfititule  for  niorphin,  since  ihcfc  is  in  do  dnm  of  this  bches 
nny  evidence  of  the  eNinhli-ihinent  of  u  hnhit  a.s  with  rourphin. 

(B)  After  tlic  narcosis,  and  before  the  depression  of  the 
remainder  of  the  central  nervous  system,  come  the  convul- 
sant  effects. 

The  seu  of  the<«  convulsions  »  probably  diffuK.  but  they  appear  to  Mart 
fiist  io  Ihe  bmin.  They  are  intennitlL-nl  iu  chnracter,  ami  aic  preceded  by 
tDOVRSMl  reflex  irritability. 

(C)  Following  this  there  is  muonsciottsm'ss,  collapse,  and, 
finally,  total  paraiysis.  The  pttlse  is  first  accelerated,  then 
slowed.  ITie  n'sfnraiiou  becomes  dyspneic  and  then  *iimin- 
ishcd,  There  are  sometimes  vomititig  and  diIat;ition  of  the 
pupils.     Tiie  skin  is  cyanotic  and  covered  with  cold  sweat 

Thu  oolluse  action  ia  slrott^eM  in  Ihe  mother  sul>«la.ncc9 — uiilin,  quJnolin, 
[^enylhydnuin,  and  carbolic  acid,  and  gcikernlty  in  the  members  nf  the  anli- 
»cpUc  iftoup;  !»>  >t[ong,  indeed,  that  Ihe  action  of  these  cauiiot  be  controtled, 
and  ihey  are  hence  unfit  for  internal  adminUlratiu!i. 

Of  the  more  usual  antipyretics,  acetanilid  produces  prob- 
ably the  strongest  collapse  effects  ;  then  come  antipi'rin, 
phcnacetin.  and  lactophenin,  in  the  order  given. 

NolwithsUtKling  iu  inmlubility,  acetanilid  lias  even  been  absorbed  from 
woaads  in  sufficient  amount  to  produce  toxic  symptoms. 

This  collapse — produced  by  large  doses  of  the  drugs 
themselves — must  not  be  confounded  with  a  collap-se  some- 
times appearing  after  small  doses  in  fever,  and  due,  not  to 
the  drugs,  but  to  the  reduction  of  the  temperature.  We 
deaJ  in  these  cases  with  a  collapse  which  really  pre-existed, 
but  which  was  masked  by  the  kypcrpyrcxui.  An  elevation 
ci  temperature  produces  efftxts  in  certain  ways  antagonii^tic 
to  those  of  collapse,  and  may  hide  this  condition.  On  re- 
moving the  stimulus  of  the  high  temperature,  the  Iiidden 
collapse  will  of  course  become  apparent.  It  would  do  so 
not  only  after  the  administration  of  antipyretic  drugs,  but 
also  if  the  temperature  wci^e  reduced  by  cold  baths  or  any 
other  means. 

3.   The  peripheral  action  of  the  drutjs  is  weak. 

(A)  They  may  produce  some  local  irritation  of  the 
stomach,  resulting  in  vomiting :  but  this  action  is  much  less 
pronounced  than  in  the  case  of  quinin. 
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(B)  Nor  is  their  action  upon  jjcncral  protoplasm,  their 
antiseptic  action,  very  stjong.  They  are,  Iiowcver,  some- 
times used  as  antiseptic  dusting  powders,  and  since  they 
coa^julate  proteids,  also  fonn  hemostatics  (a  5  5^  sterilized 
solution  of  antipyrin  has  been  suggested).  They  have  the 
advantage  of  being  less  poisonous  and  less  irritating  than 
iodoform. 

(C)  They  have  a  pecuhar  effect  upon  the  red  corpuscles, 
leading  in  the  formation  of  methemostobin,  and  in  latter 
doses  causing  a  disintegration  of  the  corpuscles  (see  p.  372). 

These  aclinns  on  the  blood  are  much  wenkcr  than  in  the  csrhotic  odd 
groups,  ami  are  weakest  iii  mntittyrin  and  its  compounds.  Thry  Irad  l"  s 
|)eculiar  cynnusts.  'llie  funnatioii  of  methomogtobin  by  this  group  is  mucli 
more  prunuunccd  inside  of  the  body  ihiin  in  the  shed  bluod. 

(D)  Striped  muscle  shows  a  somewhat  increased  efiRciency 
on  direct  stimulation,  and  a  weak  curare  action. 

(E)  The  tieart  is  first  accelerated,  antl  later  slowed.  This 
is  due  to  direct  action  upon  the  heart  muscle.  The  vasc*- 
motor  center  is  not  affected  by  moderate  doses  (with  the  ex- 
ception of  the  part  controlling  the  cutaneous  vessels  through 
the  thermal  centers).  In  consequence,  the  ^i&od  pressure 
depends  solely  upon  the  cardiac  action,  being  at  first  in- 
creased and  later  diminished.  In  doses  producing  collapse 
there  is  paralysis  of  the  vasomotor  system,  and  consequent 
fall  of  blood  pressure. 

4.  Side-actions. — The  reduction  of  temperature  by  these 
antipyretics  is  apt  to  be  accompanied  by  certain  side-actions 
which  may  become  dangerous  if  the  dose  be  too  large,  or 
if  the  person  be  especially  predisposed  to  them.  Tlwy 
vary  quantitatively  to  a  considerable  extent  in  diUfercnt  indi- 
viduals, and  even  with  the  same  person  at  different  time*. 
They  may  be  referred  for  the  most  part  to  the  central  ner- 
vous system,  the  most  frequent  being  excessh'c  s^i*eating, 
ckills,  cyanosis,  skin  eritptions,  <iigestvt>e  disturbances,  sytnp- 
tOMS  resemhling  cinehonism,  and  collapse. 

The  S7ueating  is  due  to  the  increased  circulation  through 
the  skin,  and  is  produced  in  the  same  manner,  and  has  the 
same  significance,  as  the  critical  sweat  of  fever.  It  must  be 
looked  upon  as  beneficial  rather  than  otherwise,  since  it 
aids  the  reduction  of  temperature.  But  should  it  become 
too  troublesome,  it  can  be  suppressed  by  small  doses  of 
atropin. 

The  cutaneous  hyperemia  is  probably  also  responsible  for 
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the  skin  t'rnf>fwHS.  They  are  particularly  frequent  after 
antipynn,  especiatly  when  it  has  been  used  for  some  time. 

1"hc  chUis  occur  when  the  temperature  begins  to  rise 
again,  and  arc  due  to  a  diminished  circulation  through  the 
skin,  just  as  the  chills  of  malaria.  They  are  not,  therefore, 
to  be  attributed  to  the  drugs,  but  are  rather  a  sign  that  the 
action  of  the  antipyretic  has  worn  off 

Gastric  sytnptoiHs  arc  due  to  local  irritation,  but  are  not 
frequent  Cinchonism  symptoms  are  very  rare,  but  have 
been  reported.  The  cyanosis  is  due  to  the  mctheinoglobin- 
cmta. 

The  collapse  is  the  most  dangerous  complication.  As  has 
been  said,  lliis  is  usually  due  to  tiie  fall  of  temperature,  and 
where  tliere  is  reason  for  supposing  the  existence  of  such  a 
masked  collapse,  when  the  fever  is  of  a  markedly  asthenic 
type,  great  caution  should  be  used  in  reducing  the  temper- 
ature, whether  by  drugs  or  by  any  other  means.  The  pro- 
duction of  collapse  is  most  frequent  in  menstruating  women. 
The  cause  of  this  is  not  rmdcrstood. 

It  has  often  been  stated  that  tlic  antipyretics  paralyze  the 
luart.  This  is  more  than  doubtful  with  ordinary  doses. 
The  belief  probably  resulted  from  ti)e  moderate  slowing 
which  is  always  produced,  partly  as  a  direct  effect  upon  the 
heart  muscle,  but  mainly  as  the  result  of  the  lowered  tcm- 
peraluru. 

S.  Dosage  and  Choice. — On  account  of  the  possibility 
of  a  direct  collapse  action  if  the  dose  is  relatively  large,  the 
antipyretics  must  be  administered  with  care. 

In  general,  it  may  be  said  that,  from  the  smallest  effective 
dose  (0.2  Gm.  for  acetanilid.  05  to  0.7  Gm.  for  antipyrin 
or  phenacetin),  the  extent  of  the  antipyretic  action  increases 
with  the  dose  of  the  drug,  until  the  normal  temperature  has 
been  reached.  Up  to  this  point  there  is  practically  no  dan- 
ger of  a  direct  collapse  action.  But  if  tlie  dose  necessary 
to  secure  this  result  be  exceeded,  the  toxic  effects  will  set  in. 
As  a  rule  for  the  actual  dose  to  be  employed,  it  is  customary 
to  give  at  t}ie  outset  a  total  of  I  to  2  Gm.  acetanilid.  or 
3  to  4  Gm.  phenacetin,  or  5  to  6  Gm.  antipyrin,  divided 
into  two  or  tJiree  doses  an  hour  or  so  apart.  This  causes 
a  fall  of  2^  to  3°  C. — i.  e.,  usually  to  normal — within  three 
or  four  hours,  and  lasting  for  several  hours.  When  the  tem- 
perature begins  to  rise  again,  one-third  of  the  above  amount  is 
repeated.      Something  like  double  the  amount  given  above 
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is  required  in  the  day  to  keep  the  patient  practically  fever- 
free.  The  action  does  not  persist  after  the  drug  i.s  excrctcii, 
and  consequently  the  adniiioistration  must  be  a  continuous 
one.  in  the  manner  indicated.  The  comparative  degree  of 
toxicity  of  the  differcTit  antipyretics  has  been  given  above 

(P-  357). 

In  regard  to  details,  and  in  determining:  tlie  choice  of 
tite  particular  substance  to  be  used,  experience  is  the  best 
guide.  The  same  liolds  here  as  in  other  cases.  Very  much 
more  can  be  accotnplislicd  by  any  one  drug  that  is  thor- 
oui^hly  understood  by  the  user,  than  can  be  done  with  a 
number  of  drugs  with  which  he  has  had  onl)'  limited 
experience. 

6.  Absorption  and  Excretion. — The  coal-tar  antipyretics 
are  rapidly  absorbed  and  excreted.  The\'  are  for  the  most 
part  decomposed  in  the  body,  or  enter  into  paired  combina- 
tions with  sulphuric  or  glycuronic  acid  (sec  p.  "^yiY  Their 
oxidation  products  often  give  the  urine  a  smoky  color;  the 
latter  is  also  sometimes  due  to  mcthemoglobinuria.  After 
antipyrin,  ferric  chlorid  gives  a  red  color  in  the  urine ;  after 
acetanilid.  a  reddish-brown  color.  The  tliallins  cause  a 
peculiar  papillar\'  nephritis. 

The  toxicology  is  not  important.  Toxic  doses  produce 
collapse,  which  is  to  be  treated  the  same  as  collapse  from 
other  sources — stimulants,  heat,  etc.  (see  Aconite). 


II.  THERAPEUTIC  USES. 

We  have  already  touched  upon  tlieir  slight  narcotic  and 
hcai  antiseptic  action.  Their  principal  use  is  in  tlie  reduc- 
tion of  fever  temperature.  The  entire  therapeutics  of  fever 
may  he  summarized  in  this  place. 

Therapeutics  of  Fever. — Tlie  treatment  of  fever  has 
always  been  tinctured  by  the  views  which  have  successively 
prevailed  concerning  its  nature.  When  fever  was  considered 
mainly  as  a  subjective  condition,  attention  was  directed  prin- 
cipally to  the  sensations  of  Iieat  and  thirst,  and  there  arose 
the  class  of  refrigerants,  including  the  dilute  mineral  acids 
(see  Chap.  XXVI.  B).  They  are  useful  even  now,  espe- 
cially carbonated  drinks,  in  conjunction  with  other  treat- 
ment Since  the  alkalinity  of  blood  is  diminished  in  fever, 
the  organic  acids  are  also  useful  in  this  coruiection,  in 
tending  to  make  the  blood  mure  alkaline. 
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As  physical  observation  came  more  into  fasiiion.  llie 
quickened  pulse  uf  fever  fixed  the  attention  of  the  clinicians, 
and  it  was  attempted  to  combat  all  the  conditions  of  fever 
by  slowing  tlic  pulse.  The  so-called  class  of  cardiac  dt'- 
prfssants  came  into  vogue.  T}icy  include  substances  acting 
in  various  ways : 

AtoniU  and  vcratrin,  producing  vagus  stimulation  and 
general  collapse. 

Digilaiis^  producing  a  slowed  heart,  but  heightened 
blood  pressure. 

Nauscants,  as  tartar  emetic,  acting  secondarily  through 
the  nausea. 

potassium  salts,  which  have  a  direct  action  on  the  heart. 

It  does  not  need  great  acumen  to  perceive  that  remedies 
with  actions  so  diverse  could  not  be  successful  if  employed 
indiscriminately  in  all  cases  of  fever.  Some  have  still 
a  place  in  rational  thcraiMJUtics,  but  only  when  used  for 
special  indications:  Acotiitf  offers  advantages  over  the  anti- 
pyretics if  the  fever  is  of  a  short  high  tyjx: ;  digitals,  if  the 
heart  is  ver^'  irregular.  Whether  nausinnts  and  potassium 
are  ever  indicated  against  fever,  as  such,  is  ver>'  doubtlnl. 

When  the  thermometer  was  intr»xluccd  into  medicine, 
and  it  was  recognized  that  an  elevation  of  temperature  was 
the  best  index  to  febrile  conditions,  antipyrttic  measures 
came  into  prominence. 

The  theoretically  possible  ways  in  which  drugs  may 
reduce  temperature  have  boon  given  on  page  348.  Practi- 
cally, they  are  reduced  to  the  following  : 

1.  Lowering  of  the  constmt  of  the  thcrmo-regulating 
center  (coal-tar  antipjretlcs). 

2.  Lowering  of  heat  production  by  action  on  foci  (qui- 
nin). 

3.  Dilatation  of  cutaneous  vessels  (with  consequent  dia- 
phoresis) (aconite,  nauseants,  diaphoretics,  alcoliol). 

4.  Collnpse  action  |  aconite,  veratrin). 
To  these  could  be  added  : 

5.  Removal  of  heat  by  mechanical  means  (cold  baths, 
effusions,  or  pack). 

Methods  2,  3.  and  4  are  discussed  elsewhere. 

In  regard  to  the  application  of  antipyretic  measures  in 
fever,  It  is  essential  to  bear  in  mind  that  they  have  no  direct 
effects  except  upon  the  temperature. 
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ExceptioDs  to  this  general  statement  are  the'  nctionit  ■-•f  quiuin  in  malaria, 
of  imlicyUtea  in  acute  articular  rheumatisDi,  and  of  cinnamic  acid  in  tuberculo- 
tit. 

For  the  rest.  tht_*y  strike  neitlier  at  the  cause  of  the 
fever  nor  at  any  symptoms  other  than  those  secondar>-  to 
the  hyperpyrexia.  They  make  the  type  of  the  disease 
neither  less  severe  nor  shorter. 

In  malaria,  fur  instance,  tliey  may  prevent  (he  devclopnient  of  a  paroxysm 
of  fcrer  ;  but  they  do  not  alLack  the  cause  of  the  disease  as  does  quinia  ;  for 
their  effect  is  not  lasting,  nor  docs  their  continued  administration  lead  to  ■  re 
dtiction  in  the  size  of  the  spleen. 

They  arc  a  .symptomatic  and  not  a  specific  mode  of  treat- 
ment. And  symptomatic  treatment  must  always  be  carried 
on  with  great  care,  lest  more  harm  than  good  should  result. 
But  whore  it  is  not  possible  to  attack  the  cause,  it  is  often 
advisable  to  remove  objectionable  symptoms.  The  ques- 
tion then  is,  Mar  a  raimtion  of/cfcr  tentpKrahtrc  be  useful f 
It  must  be  borne  in  mind  that  liyperpyrexia  is  often  a  pro- 
tective mechanism.  This  is  shown  by  the  onset  of  collapse 
in  certain  cases,  if  the  stimulus  tjf  the  high  temperature  be 
removed.  Also,  bactcriologic  research  has  shown  that  with 
most  bacteria  the  optimum  temperature  for  development  is 
confined  within  very  narrow  limits,  which  are  exceeded  by  the 
temperature  of  fever.  The  ttttdency  of  fever  ma}'  perhaps 
be  said  to  be  useful  in  all  cases,  but  as  a  matter  of  fact  it 
usually  leads  to  more  damage  than  ;j;ood.  The  cells  of  the 
complicated  maitmialian  organi.sm  are  not  adjusted  to  work 
under  the  conditions  of  so  high  a  temperature.  It  is  detri- 
mental to  them  as  well  as  to  the  bacteria,  and  somt times 
more  so.  Its  effects  soon  show  themselves  in  the  ways 
described  in  Chapter  XVIII.  They  consist  in  lassitude  and 
enervation,  in  general  discomfort,  restlessness,  irritability, 
and  delirium.  The  rcspiratitm  and  heart  are  quickened. 
The  mctibolism,  and  especially  the  elimination  of  nitrogen,  is 
greatly  increa.sed.  This  leads  to  emaciation,  diminished 
alkalinity  of  blood,  degeneration  of  important  organs,  etc 
All  these,  joined  perhaps  to  a  deleterious  action  of  tlic  in- 
crea-sed  metabolic  waste -products,  produce  a  condition 
highly  detrimental  to  the  patient  These  conditions,  in  so 
far  ;ls  they  have  not  already  pa-ssed  into  permanent  anatomic 
changes,  are  promptly  and  totally  removed  by  restoring  the 
normal  temperature.  Measures  for  this  purpose  arc  there- 
fore indicated  whenever  these  symptoms  arising  from  hyper- 
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pyrexia  become  very  pronounced,  and  unless  there  are 
special  contraindications.  They  should  not  be  used,  for  in- 
stance, if  there  is  ground  for  suspecting  a  masked  collapse. 
Nor  are  they  of  any  use  in  high  continued  fevers. 

Antipyretic  measures  of  this  kind  are  mainly  cold  baths 
and  the  coal-tar  antipyretics,  and  thcst  have  their  respective 
drawbacks  and  advantages.  The  chief  advantage  of  cold 
baths  lies  in  the  fact  that  there  is  no  danger  of  a  direct  col- 
lapse acton  ;  but  there  is  no  need  for  this  danger  with  anti- 
pyretics if  Hicir  dose  be  properly  adjusted.  The  latter  save 
the  patient  the  exertion,  discomfort,  and  shock  of  a  cold  bath. 
As,  in  the  case  of  baths,  the  temperature-regulating  mech- 
anism is  not  adjusted  to  normal,  tlic  patient  experiences  all 
the  ordinary  eflects  of  an  attempt  to  reduce  the  temperature 


I 


alpcnutl.     l-uUljpuin.  Amjihilx^lir  Kl:ijii;.        Urfrrx-rsctiKi.'. 

Ktg.  66. — Antipyredci  in  typliuiti  fever.      r)«iH«l  lines  ^  cold  beths  ; 

-f  —  ikmipyrctici  ^Strllmppll). 


ow  normal  :  chill.s,  cyanosis,  etc. ;  and  the  metabolism  is 
increased  rather  than  diminished.  The  action  of  the  cheinic 
antipyretics  is  also  more  pronounced  and  lasting  (Fig.  66), 
and  tlte  narcotic  action  of  some  members  is  of  marked  value 
in  influencing  the  subjective  condition  of  the  patient  In 
regard  to  this  narcotic  action,  antipyrin  and  acetanilid  are 
about  on  a  Icvc! ;  they  are  suipassed  by  phenacetin,  and 
still  more  by  lactophenin.  This  action  is  especially  useful 
when  the  fe\'er  is  associated  with  pain,  from  whatever  cause. 
or  with  delirium.  It  is  probably  also  this  narcotic  action 
which  makes  the  drugs  useful  in  neuralgia,  headache,  and 
migraine.  "  Migrainin  "  consists  of:  Antipyrin, 85  ;  cafTein, 
9 ;  citric  acid,  6. 

The  Htldilion  of  cftfTcin  to  the  anlipytvtic«  would  always  be  nwrul,  (o  coun- 
teract the  tendcDcy  lo  colUp»c  ur  lu  a  cardiac  action ;  and  the  addition  of 
bromide  i«  also  luefol  to  lieightm  the  narcotic  actiua. 


364 


SERIES   OF   COAL-TAR    DERIVATIVES. 


CH.  xvri. 


iil.    MATERIA  MEDICA. 

J^^Afftanifidum  (CS-P.,  h.V.).—{Aurt/(»rtu  PAtny/aet/amiii.)  C,Hj- 
NH(CH,COJ.  Prepared  by  boiliDg  oiiilia  with  glacial  •cetic  acid  aiid 
crystallizing: 

C,KjNH,  +  CII,CO,H  =  H,0  +C;HjNH(CH,CO) 

Soluble  in  300  parts  of  cold  wnler.  and  in  5  pnrtt.  uf  alcohul.  Dou :  to  0.5 
Um.  (8  grs.  ] ;  per  day,  to  4  Gm.  ;  in  powders  or  capsules. 

All  the  otlic-r  antipyretics  are  uiiufficiiil.  With  llie  exception  of  antipynn, 
which  i*,  very  v>lul>le,  ilii^y  nrv  jiractically  infitliibte  in  wctier.  find  are  given  in 
powder  fomi  or  as  carhets,  in  di^itirA  0.3  to  0.6 In  1,0  (im.  (5  Im  10  tu  15  £r«j. 
VVe  will  enutnerate  a  few  of  the  more  common : 

^^Antipyrin  ^Phenaionnm,  B-P.]  =  C„H,,N,0.  =  Dinicihyloiy* 
quinin  (Aoalgesin). 

,,*„  PhemnetiH  (B.PJ  =  Cj.H,(NO,  ^=  rara-acet-plienetidiD. 

■%  Loftophftiin  =  Cj,H,,NO,  :=  Laclyl-plirneiitlin. 

*Phtn(Holt  —  C\oHuN/>,  —  Amido  aceiophenetidin. 

*SaIi\phm  •==  C|.H.,N<J^  :=  Acetyl -)>a(ami(lu'pliciiyl  Salicylate. 

*£xaixtH  =  C,H„NO  :=  Methyl  aceianilid. 

^Senviniliii  =  C|aU,,NO  ^  Ueiittiyl-aniiid. 

•TkaUia  Saii,y/ate  =  C,^iI„XO.C:,R,rV 

Various  mixtures,  usually  consi»tiRtr  ofacetanilid,  caflein,  and  sodion  cax- 
bonate,  are  found  on  the  market  wider  fancy  names. 

IV.  CONSTITUTION  OF  SOME  PHARMACOLOGICALLY  IMPOR- 
TANT COAL-TAR  DERIVATIVES.! 

H  H  H 


C 


C,H,(CH,|,  =  Xylol 


H  H 

=  Napktkalim  C^H, 


H 

^  Btnzol  C,H, 

Oxybeiuolft :     aHj.OH  =  Phmci 

C,H,/OH),  =  KeiordH 

CH,(OH),  =  P\'ri>gatt»yi 
Cl,H,.OH  =  N'apktk9t 

C;HrCH,.CII,O.OH  =  CwW 
C,H,.CH,.C,H,.OH  =  Thymol 
C,H,.OH.OCH,  ^  Guaiatoi 
(..jHj.tJK.CH,  =  CV«"/ 

Aromatic  Adds:     C,H,.CO,H  -=  BfU'.me  And 

C,Hj.CH.t;H.Cu,H  ^  CinnamicAeid 

C«Hj<^Q  H  ~  Satieylie  Arid 

f\tS 

^^•'^co  cii  = ''^^''^"'"rwn 

1  Small  capitals  =  Antipyretic  group :  italics  =  antiseptic  groiip^ 

•  Unofiicial. 

The  most  imporljuit  drugs  are  marked  »*,. 


^^~  (B)  ANTISEPTIC  GROUP. 

^P  The  second  coal-tar  group,  that  of  the  antisfpfics,  is 
characienzcd  by  the  prominence  of  the  toxic  action  nn  pro- 
toplasm when  brought  into  direct  contact,  and  of  the  col- 
lapse action  when  acting  from  the  circulation. 


The  gnjup  comprivrs  most  of  the  aioraslic  ciirapaunds  nol  enamfniled 
under  antipyretics,  viz.: 

Tbe  molber-flibstnnc«s  :  Benzol  il&elf,  Napbtbalin,  Anilin,  Qulnolln,  Pjni- 
din,  etc. 

The  hydrate* ;  Phenol,  Nnplithol,  Resorcin.  IlydrcKhincm.  Pyrocatechin, 
Pyroi^ltol,  Salol,  Tb>TQol,  (limiacol,  Cresol,  and  Crcusol. 

The  acids  :  Salicylic,  Brtizuic,  CinnaiiiiL-. 

Oil  of  Wintci|rrcen. 

Mosi  of  the  nnilindyet,  etc. 

In  ihia  gruup  brlcxig,  furilicT,  tt  niiinl>er  of  natnrat  mixtures : 

Wooil-tar,  conUinitig  chietiy  guaiacols,  creosols.  cari>o)ic  acid,  and  cresols; 
alsb  some  aceuc  acid. 

Creoaofe,  a  product  obtained  by  the  <lUtiIIition  of  beechwuod,  cuuUinB 
chiefly  i^tiaiacols  and  creosols.  WiKid-smoke  a)^  I'onlnin^  xhesc  bodies,  and 
owe*  to  tbetn  its  antiseptic  and  procnMivr  pto|K-rlics. 

Tbe  arovmlic  balwims — Balaaui  of  iVtu  and  Copaiba,  Slymx,  Tulu.  Bcti- 
£oin,  etc — aI«o  owe  their  activity  largely  lo  members  of  (hii  series;  betueoic 
■ad  cionaroic  add,  etc. 

lchihT<>).  ■  prodoct  of  (he  diatillatinn  of  a  certain  bituminous  »bale,  also 
seem«  to  belong  here,  although  its  ojn»tilution  is  not  well  undersiood.  It  is 
characterised  1^  a  high  conteat  of  sulphttr. 
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Historirai.  —  Tn  ihp  form  of  the  natural  mixtureit,  the  antiseptic  properties  of 
this  ^roup  have  long  been  known.  The  Huoking  of  meal  i.s  cenaiiily  a  very 
ancient  pnctice  \  and  oite  of  iht-  nitrthiKls  uf  riubitiiiiiiij;  practiced  by  tiiir 
Egypiiatis  utilized  largely  lKi)>ants  and  priKlucts  rich  in  essriitinl  oils, — the  lat- 
ter being  %ery  closely  relaled  to  the  aroicftlic  series.  The  isolated  &ub&tflncc&, 
however,  hctimg  Id  the  nchieveinent»  of  the  tiineleeiitb  century.  C-reu<»(r 
was  flrst  made  in  1832,  carltolic  acid  in  1834,  oiid  it  was  dmosl  thlny  yean 
later  tbaii  this  before  they  were  used  io  nirgeiy. 


!1.  SUMMARY  OF  ACTIONS. 

1.  A  coagulating  action  upon  protcids,  determining  the 
death  nf  cells  with  which  they  come  in  contact,  and  result- 
ing in  irritation  and  inflammatory  chanj^'cs. 

2.  An  excitation,  followed  by  more  pronounced  depres- 
sion, of  the  central  ner\'ous  system. 

3.  The  formation  of  mcthemnglabin. 


111.   DETAILS  OF  ACTION. 

I.  Local  Actions, — Most  of  the  members  of  this  group 
coagulate,  and  thus  destroy  the  structure  of,  protcids,  and, 
in  consequence,  of  protopla.sm. 

This  action,  which  exiMs  only  (o  a  very  Alight  extent  in  llie  antipyretic 
poup,  is  slroiigeNl  wjlh  caiboiir  aciii :  and  since  this  al^  exhibits  the  vlher 
properties  of  the  serifs  in  the  mfirt  typical  tnatiner,  the  following  description 
13  meant  to  app)y  mainly  to  this  subMance.  The  special  properties  of  the 
other  members,  in  so  far  as  (hey  arc  of  practical  import,  will  be  summorued 
later. 

When  pure  carbolic  acid,  or  a  strong  solution  of  it,  is  ap- 
plied to  the  skin  or  mucous  membranes,  it  acts  as  a  caustic. 
It  produces  burning  and  pain,  tlien  numbness  and  anesthesia, 
wrinkling  and  softening  of  tiie  epidermis,  the  color  of  the 
skin  becoming  first  wliitc.  then  red,  and  finally  brown.  A 
drj'  scab  forms,  which  separates  without  pus.  Creosote  has 
a  similar  but  much  weaker  action.  In  weaker  solutions 
neither  is  caustic,  and  they  determine  merely  some  wrink- 
hng  and  blanching  of  the  epidermis.  But  even  a  55?. 
solution  of  the  acitl  may  cause  necrosis,  especially  when 
applied  continuously  to  the  extremities.  This  enjoins 
caution  in  the  use  of  carbolic  dressings.  Ninct>''-five  percent 
alcohol  is  said  to  be  antidotal  to  the  local  effects  of  carbolic 
acid.  None  of  the  other  members  of  the  group  hare  such 
a  marked  caustic  action,  although  salicylic  acid  effects  a 
softening  of  the  epidermis,  whicit  leads  to  its  use  in  remov- 
ing corns.     It  is  important  to  nutc  that  its  salts,  tlie  salicy- 
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lates,  have  no  caustic  action,  but  arc  nevertheless  antiseptic. 
All  the  members  have,  however,  some  local  action,  wliich 
6nds  its  expression,  with  internal  adnunistration.  in  nausea, 
rtomiting,  and  diarrhfa.  being  similiir  to  quinin  in  tliis  way. 
The  vomiting  is  .t!so  favored  by  the  repulsive  taste  of  some 
of  these  dru^.  This  local  irritiint  action  further  shows 
itself  after  lar^  doses  at  the  place  of  excretion — **.  g.,  in 
nephritis  with  casts,  albuminuria,  and  hemoglobinuria.  (Fig. 
67.)  Skin  eruptions  which  occur  occasionally  may  be 
a-scribed  to  tliis  irritation  and  to  the  dilatation  of  the  cuta- 
neous vessels.  Strong  solutions  brought  into  direct  contact 
with  a  muscle,  decrease   its   excitability.     The  coagulant 


.;^<< 


J'  ni^  ^^ 


m , 


cm. 


T5 


I 


Fig.  67.— IUbbJl'«  kidney  Art*^  saJol- poisoning  (Koben). 

action   on  proteids  also  determines  the  most  characteristic 
property  of  the  group,  namely,  their  antiseptic  effects. 

Ilmcoa^julation  is  a  niolccuUr,  ralhcrlhanachcinic,  process.  That  is  to  say, 
plteool  and  ihc  other  dntg^  of  tbc  group  do  not  enter  Jntn  chcmir  conihinalion 
with  ihe  ptuwids,  but  prccipilale  thcin  by  chtingiug  tlii;  cliaravlrr  of  llic  mfJi- 
umtt  wmewhat  after  the  manner  of  alcohol  or  ttcutral  salts.  A  shon  action  of 
this  kind  i»  sufficient  to  Ictll  the  protoplasm.  But  the  coagulanl  iub«iAnoe 
itKlf,  not  being  rombiocd  and  uwd  up  in  this  process,  is  free  to  penetrate 
(orllier,  wtiich  ik  not  the  case  with  (he  nielallic  antiseptics.  l*his  pcnclnilitiD 
t*  also  favored,  in  the  case  of  rarbohc  acid,  by  iti;  volnhlily,  a  factor  which  is 
■bMnt  with  salicylic  add  and  mmt  other  members  of  the  group.  The  metals 
cDler  into  tnvilubte.  permaneot,  chemic  combination  with  the  protoplasm, 
ftnd  this  efiedually  prevents  the  further  penetration  of  the  antiseptic.  This 
grrater  penetrating  power  of  the  antiseptics  of  (he  aromatic  group  is  of  con- 
ntienble  practical  imjKjrtaQce.  Further,  just  a«  different  proteids  present  dif- 
ferent ilegree^  of  preri  pi  lability  nHth  alcohol,  ether,  and  chlomfonm,  or  with 
U>e  diflereni  oeutral  salts,  so  they  »re  acted  upon  differently  by  the  various 
I  of  this  series ;  and  this  suggests  the  explanation  of  the  fad  (ha(  dif- 


368 


SERIES   OF   COAL-TAR    DERIVATIVES 


CH.  XVll. 


ferenl  kict^ria  prrsent  a  very  diffcrcnl  (It-jpre  of  rcM&tauct;  lu  ihrm  ;  and  thai 
Crrlnin  membcrt  rnny  be  almost  !spe<:ilic  lit  a  diw-ftse — as  lalinliL'  nirid  in  nciitr 
rhriinintifini — where  ilie  oUicr  tiit-iiibtTs  are  of  bm  very  liille  me. 

It  i-t  diiiined  itiiil  unrbulie  aci<l  h  ctinilive  in  frnumaiic  tftantu.  For  lIiiA 
jMirpcMe  A  2%  viluljon  is  injected  ever)-  two  to  three  hourft,  brginnitij*  with 
0.2  (JiQ.  or  the  jiure  acid  (or  lo  c.c.  of  the  soluiiun)  per  day,  and  iDcrcAsine 
ra))idly  to  0.5  Gin.      The  results  require  further  pnxtf. 

The  (7MiV/«  (ohri  apprnr  to  have  some  aniitnxic  (mwert  If  they  are  mixed 
with  toxins  before  injection ;  but  it  t&  very  doubiful  whether  tbey  con  exert 
lhi»  ill  llie  organism. 

Carbolic  aciti  ^rci-cfits  pntrcfacthn,  or  the  development 

of  bacteria,  in  tlie  strtiiyth  ol'  |i  to  1  ^. 

For  the  produdion  of  surKicnl  antisepsis,  Itiu  much  Mrcu  must  not  be  lud 
ujmi  the  fact  llui  it  doc»  not  kill  llic  orgnni»n)S  in  es'en  much  ^ealer  cimceo- 
imtion  :  for  the  prcventinn  of  their  growth  u  atl  that  ia  roqnircd  in  the  tmt< 
mcnl  of  open  wounds. 

The  use  of  (he^  drugs  as  antisepucs  will  be  futtber  discuued  on  page 

374. 

They  also  have  »  relardinfr  efTecl  up<jn  fetment  adioH — especinlly  carbolic 
and  Milic>'tic  acid — »t.>niewhat  nfit-r  the  ninnner  tif  quinin.  A  5  'k  wlution  of 
phenol  Hufficc^  lo  nialerially  wrnken  the  action  of  tnuiil  Icnnenl.'i. 

2.  Central  Actions. — The  action  upon  the  cfntral  fu-rzvus 
system  presents  a  close  analogy  witli  tliat  of  the  antipyrin 
group,  with  the  impnrtant  difference  that  collapse  is  jiro- 
duced  much  more  readily,  and  that  it  is  much  more  difficult 
to  adjust  the  do.scs  in  such  a  way  as  to  get  a  dasircd  effect 
without  the  admixture  of  a  more  or  less  violent  collapse 
action.  They  present  the  same  primary  narcotic  effect  on 
frogs  as  was  noted  with  the  antipyretics.  The  following 
symptoms  of  ('.r<7V'rt//('«  are  more  pronounced,  and  arc  showTi 
in  frogs  or  mammals  by  muscular  tremors,  twitchings,  and 
convulsions. 

Carbolic  acid  causes  in  the  frog  t  short  stupor,  followed  by  incoordiiuued 
clonic  cunvul&ions.  Ttie  latter  involve  the  entiie  cenlnil  nervoiu  fty<»teni.  In- 
lactnevi  of  the  sensory  paths  is  necetjory  for  their  imxltiction,  so  tliat  they,  like 
those  of  stryclinin.  rest  upon  au  increased  cxcitiibility.  The  action  diflcnt  fnnn 
thai  of  the  tatter  poison  in  its  wider  distribution,  and  in  the  more  inci>onliitaled 
spasms. 

There  are  also  signs  of  stimulation  of  the  medullary 
centers,  especially  that  o{rcsf*iration.  The  heart  is  quickened, 
probably  by  a  direct  action  on  the  cardiac  muscle.  The 
blood  pressure  consequently  rises. 

These  stimulant  effects  are  shown  only  if  the  cnrholic  acid  be  slowly 
absorbed.  U  it  is  injected  into  the  ciiculitlion  or  ab.sorbed  mpidly  fnr  any 
reawn,  tlie  eellaptt  sets  in  before  there  is  time  for  the  dcvelopnoenl  of  ooo- 
Tulsions  or  other  stimulations. 

In  tlie  collapse  stage  tlie  heart  is  weakened  and  slowed 
— presumably  by  direct  action  on  tlie  muscle.      There  is 
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paralysis  of  the  vasomotor  center,  and  in  consequence /^i//  of 
blood  pressure  (Fig.  68,  B).  The  respiration  becomes  slow 
and  shallow,  and  finally  ceases.  The  temperature  falls.  The 
phenomena  bear  a  very  close  resemblance  to  those  of  surgical 
shock.  Since  the  collapse  affects  all  the  medullary  centers, 
and  the  cardiac  muscle  as  well,  it  cannot,  of  course,  be  re- 
moved by  artificial  respiration.  This  constitutes  an  impor- 
tant difference  to  the  collapse  produced  by  the  drugs  of  the 
alcohol  series.  Another  difference  consists  in  the  fact  that 
with  the  antiseptic  group  the  sensibility  to  pain  is  often  pre- 
served far  into  the  collapse.  In  an  early  stage  there  is  a 
ttttntal  excitation  with  hallucinations,  seen  especially  with 
salicylic  add.    The  collapse  action  is  strongest  with  carbolic 


Fig.  68. — Carbolic  acid  (begins  at  X)  ^^^  sodium  sulphate  (begins  at 
XX)-  I^og-  -^t  respiration  (from  tracheal  cannula)  ;  B^  carotid  pressure. 
The  pressure  indicates  vasomotor  paralysis.  This  and  the  dyspnea  are  at  once 
relieved  by  sodium  sulphate. 


acid  and  creosote,  much  less  with  salicylic  acid,  and  very 
small  with  benzoic  acid. 

Of  further  actions  of  the  carbolic  acid  group  referable  to 
the  nervous  system,  must  be  mentioned  the  effect  on  the 
thermo-reguloHng  center,  after  the  manner  of  the  antipyrin 
group  (dilatation  of  the  cutaneous  vessels).  This  is  over- 
shadowed by  the  collapse  action,  and  is  utilized  only  with 
salic>''lic  acid.  There  is  an  increase  of  secretions,  especially 
of  saliva,  sweat,  and  tears,  not  yet  accounted  for.  Symp- 
toms of  chuhomsm  also  sometimes  make  their  appearance 
after  carbolic  and  e^>ecially  salicylic  acid.  Their  pathology 
is  the  same  as  with  quinin  (p.  346).  Peripherally,  muscle- 
and  nerve-fibers  are  killed  by  the  direct  application,  but  do 
not  seem  to  suflfer  when  the  drugs  act  systemically.  Car- 
«4 
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bolic  acid  is  of  value  as  a  local  anesthetic  i,^^  ointment), 
especially  in  itcliiiig  skin  diseases  or  pruritus. 

The  production  of  methemoclobjn  will  be  ooosidcred  on  page  371. 


tV.  TOXICOI/)GY. 

This  is  of  considerable  importance,  since  carbolic  add  is 
so  easy  of  access.  Accidental  and  suicidal  poisoning  by  il 
is  extremely  common. 

It  is  lapidlv  absorbed,  even  from  the  intatt  fkitt,  oikI  lb  luc  uo  open  hi- 
&ce9  has  fto|ucnll)-  let!  lo  toxii:  syni|Hoiiis.  'Hie  mtuimitm  faint  tfoif  may  be 
»inicd  AK  about  10  to  15  Gm.  (150  lo  225  grs-). 

Symptoms. — These  depend  upon  the  concentration  in 
which  the  drug  iias  bc-cn  taken.  If  /*urc  or  in  very  strong 
solution,  it  may  produce  almost  immiMatc  coUapse  tltrouyli 
its  liKoi  action,  after  the  maimer  of  mineral  adds  (see  Chap. 
XXVIII.  A).  Wlien  targe  doses  of  tiilute  aeit/zvc  taken,  tlic 
collapse  may  al.io  occur  without  other  symptoms,  in  this  case 
from  its  action  on  the  central  nervous  system.  With  mode- 
rate but  fatal  doses  the  typical  symptoms  are:  Burning  in 
mouth  and  throat;  nausea  and  vomiting;  faintness  and 
muscular  weakness;  sometimes  twitchings  and  convulsions; 
pulse  small,  weak,  and  slow;  face  livid;  cold  sweat;  respira- 
tion slow  and  shallow  ;  unconsciousness  ;  coma  ;  death  by 
stoppage  of  respiration. 

Chrcnif  Carhot'/teiioni»f*. — In  ibr  day^nf  ihe  IJsIrr  s|>r.iy,  chronic  phftn»i- 
poisnning  was  nut  nt  all  uncommon  amnngsl  Mirgenii%.  It  prp-^nied  the  ^n- 
cml  sj'mptoms  of  marasmus.  The  ijunriiity  of  the  add  entering  the  tytlcn 
under  these  <:iicumsiaiicci>  is  <jui(c  pbcmtinciial :  2  Cm.  of  plienu)  were  retov- 
errd  from  (hir  urine  of  a  surgeon  wim  had  agisted  far  two  and  a  half  hoai«  al 
an  DpcratioD  under  0  2%  spray. 

The  course  of  carbolic  add  poisoning  is  very  rapui.  In 
almost  all  fatal  cases  death  ensues  inside  of  t>vent>'-four 
hours. 

Diagnosis. — ^Besides  the  course  of  the  .sympttjms  noted, 
the  oiior  of  the  patient  is  characteristic.  The  urine  is  dark  and 
smoky,  and  gives  little  or  no  precipitate  with  hanum  cltlorid 
The  carbolic  acid  usually  exists  in  the  urine  combined  with 
sulphuric  or  glycuronic  acid,  and  is  free  only  in  the  very 
gravest  cases.  To  demonstrate  its  presence  by  chemic  tests, 
the  urine  must  be  aciduiated  and  distilled^  and  the  distillate 
tested  (see  p.  100). 
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Treatment. — This  should  be  directed  mainly  to  the 
I  speedy  removal  of  tlie  add  and  to  cfTorts  to  render  it  liami- 
Icss  by  chemic  means.  The  stomach-pump  is  the  best 
means  for  the  former  purpose,  and  /ifm---uuifi'r  is  best  for  the 
lavajjc,  since  it  precipitates  the  acid.  Synip  of  Hnu-  may  be 
given  as  antidote  for  the  same  purpose.  Sodium  sJtiphatc 
should  also  be  administtrrefi ;  it  has  the  double  purpose  of 
hurrying  the  unabsorbcd  acid  through  the  intestine,  and  a 
p^irt  is  absorbed  and  f«>rms  sulphocarbolatcs  whicli  are  not  so 
poisonous  (Fig.  68).  In  serious  cases  no  reliance  should  be 
placed  upon  its  absorption  from  the  alimentary  canal,  but  it 
iihould  at  once  be  injected  hypodemiicall)'.  The  prompt 
I  administration  of  alcohol  lias  been  stronj^Iy  reconmicnded. 
The  rationale  of  its  action  is  not  clear. 

rThc  collapse  symptoms  should  be  met  by  midullaty  stimu- 
nfs,  ammonia  holding  first  place. 
Su 
•n 


I 


SulpliocartwIiilc5  are  le»  poisonous  then  curhonc  acid.    The  cnidc  products 
and  creuaote — agree  with  caibalic  acid,  sad  ute  lUicd  only  as  anti!tc]ritcs. 


V.   SALICVMC  ACID. 

7*he  action  of  salicylic  add  is  sliaicd  br  its  mU^— the  salicylates ;  by  oil  of 
winicrcrccn  (mclhyl&ulicyltc  CHter)  ;  by  i[!>  <:ttm[Mun()s  with  variuus  nruniatic 
b<>dic-i  (l»et(»I,  ihymol-  aiwl  (^aiacol-salnl,  snlojihcn,  salol,  etc.),  and  halicin. 
M<:*»t  o(  ihcsc  yield  salicylic  acitl  in  the  boily.  i<;/'V  is  deCMm[^nis«i  in  the 
inlouoe,  >-tcIdinf;  lAlicylic  and  carix>)ic  acid,  a  fact  uf  »omc  imi^oitiince,  since 
th«  (I  Jtapsc  ociioii  of  ihr  ).-iUrr  miiM  br  bome  10  mind.  SaJiftH  ji  a  glucaaid 
wtiirh  nUo  eveutually  yiel<l>  salicylic  ai'id. 

I'hc  uankcanl  ta>te  of  the  aalicylales  cannot  be  thunmghly  di>gui&ed  by  any 

vnri,   Kr>d   they  prcKluce  conMcleniblc  naui^ca  and    gamine   irritation,   which 

Unfcir  with  their  use.     Tliis  tin)>len.ui)i  priijieriy  npj^wurs  to  reside  in  the 

*ti  I  radicle.      If  thii  ii  replaced  by  inelliyl    they  disappear — but  su  do  the 

iUf<«-|ilic  qualiliev      'Hie  MKliiitn- acetyl  Nalicylale  — .ij_)»/W« — is  iiImi  devoid  of 

laMe  arwi  primary  irritation,  bnt  ii  is  (gradually,  ihouph  cfunpleioly,  deconi- 

Bcl   in  the   blood,  with  libcrati'Jii  vl  «idtcylHle>,  io  tbut  it  is  almost  fully  as 

bve,  tberapeuticallj,  aa  the  latter.     It  also  does  away  with  (he  cinchonism. 

I>i£ferences  from  Carbolic  Acid. — The  effects  of  salicylic 
'^acid  differ  from  those  of  phenol  bv-  a  lesser  actiftn  on  tlic  cen- 
tral nrnums  system.    The  convulsive  itcfion  is  almost  nothing, 
the  collapse  action   much  weaker  than  with  carbolic 
id. 

The  andstrptic  effects  differ  from  those  of  phenol  by  the 
^rsser  penetration  on  account  of  the  non-volatile  nature  of 
the  substance.     The  irritant  effects  are  weaker,  except  in  the 
\se  of  the  free  acid.      However,  all  salicylates  have  a  nau' 
eant  taste  and  produce  considerable  gastric  irritation. 
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Injected  intravpfioiislv  into  animnh,  melliyl  and  cthyt  Mlicylales  cuuc 
pulmonary  edema  ibiuugn  injury  tu  the  capillary  walls^ 

In  addition,  the  salicylates  cause  somewhat  increased  se- 
cretion of  uriHf,  perhaps  by  their  irritant  action  on  the  kid- 
ney ceils.  The  hi/f  is  similarly  increased,  and  salicylates 
and  bile  arc  the  only  true  chola^^ogucs  known  (sec  Chap. 
XXX).  Tiie  N,  especially  in  the  form  ol'  urea,  is  increased, 
and  this  increase  is  so  lasting  that  it  must  be  due  to  a 
breaking,'  up  of  proteids,  and  not  simply  secondary  to  the 
diuresis.     It  does  not  affect  the  nbsorptiou  of  fat  or  proUids. 

The  treatment  of  sa!ic_\Iic  acid  poisoning  is  entirely 
s\'mptoniatic.  The  jjrinciiKil  use  of  salicylates  is  in  the  treat- 
ment of  aattc  rhiUniahsM ,  when  they  arc  almost  spccifk. 
They  are  given  in  gram  doses,  dissohed  in  water,  vy^ry 
hour  or  two  as  long  as  the  stomach  will  bear  them.  Oil 
of  wintergreen  is  also  used  locally  near  the  affected  joint. 
It  acts  largely  as  a  counterirritant.  but  it  is  not  inconceiv- 
able that  enough  may  be  absorbed,  in  virtue  of  its  volatility. 
tn  rxurt  the  specific  action.  The  salicylates  have  verj*  little 
action  in  chronic  rheumatism  or  gout.  If  used  at  all  for 
thi.s  puri>osc,  they  are  given  in  the  form  of  salol  (2  Gm.  per 

None  of  the  other  members  of  the  series  is  given  inter- 
nally, for  any  puq)ose  but  antisepsis,  and  tliey  will  be  con- 
sidereil  under  that  heading  (see  p.  374). 

Pymgatiol,  hawcver,  ha»  a  Kpecinl  inicrettl  on  account  or  thv  metktma^ 
kin  formatioay  which  is  produced  lu  Munr  cxrpnl  by  all  members  of  ilie 
group,  hut  mdst  inlrnsely  hy  li.  Conrentrattd  solutionis  artinj;  on  Itloual  na<- 
Hide  uf  th?  U<jdy  pn>ducc  a  jx-t-ullat  iiiM^luble  sybhUuicc — ^cwiv'/Zi'/-  Thi*  ii 
nevpr  fomird  in  iht  tHxly  :  hrn-,  and  wilh  dUtilr  wiuiivni  in  vitru,  (hr  ciirptu*- 
ctcs  become  shrniikcn.  ctrniUcd,  nnd  fnnjtnenicd,  and  li»c  nm*!  of  ihctr  hcnto 
globin.  The  laiter  i<  (Kirily  chauptd  into  iiirilicnnijilitliin.  The  tymfUmn  in 
the  case  of  pyrupdli)]  nre  for  l)ir  fno>.t  |JBrt  nm*^^Ju^■Ilce*  of  thi?  |Trcicc^4.  It 
leads  to  icterus,  htmoglobin-  and  nietheni<vloliin-uria,  and  a  imire  or  less  t)o 
lent  nephritis,  if  the  di-iorder  runs  a  sluw  ctmrsc  ;  iw  cyanttti-*,  dysfinra,  awl 
CQnvulsiiin<i,  If  tbe  iiiur»«  i»  rapid.  The  (mifmrn/  of  tKiiMtmni:  bidM  be 
symptuniaiic  ;  largo  injectionii  of  ntrnnal  .lall  ftolution  would  he  indicated. 


VI.  METHEMOGLOBINFORMERS. 

Methemoglohin  has  thf  *ame  elt-incnlary  c»ni|io>>iiiijn  a»  oayhemnglnbin. 
but  ihe  two  diRirr  vory  es-scntially  in  certain  ^f  iheir  pmpertic* : 

I.  lie  spectniin  fscc  tif^re  71.  (.'hap.  XXl,  II).  The  color  of  metliemo 
glohin  hay  more  nf  a  brownish  tinge. 

a.  In  the  rfflditicw  with  which  they  glTe  up  oxj^cn.  ^\^in«  Ihe  niy- 
bemaglobin  a  a  very  iin-itable  cciQi|>oiind.  giving  up  its  oxycefi  aiwl  taking  it 
afC«in,  with  great  readine.s»,  rocthenioglobin  ia  a  comparatively  sUble  and  ttD> 
changeable  compoond. 
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3.  lo  their  behavior  tocertain  rei^;? nu.  For  inMancc,  HCN  does  uot  form 
&ny  charmctemiii:  compound  with  oxyhemoglobin,  but  with  ^hc  melhcmoglobin 
It  i^vva  <yaiimetlicmu}:lubiu.  Similar  cotupuundi  arc  furmcU  wtLh  Tt,U,» 
kut  phuiryaniibi,  nud  iimuy  «i(her  lialls. 

Mcthemdglobin  may  b«  formed  frvmi  oxyhemoglobin  io  quite  »  namber  of 
(itffercnt  wftyi  1  see  Chap.  XXXIII): 

I.  By  tniduitig  agent*:  KCIO, ;  Put.  fcrricvamd ;  Pot.  permanganate, 
H,0„  etc. 

3.  By  fcdiiciug  agent!. :  The  nitrites,  tiydruxylouiin,  etc. ;  coal-  tar  products. 
(Pbcnylhydnuin  al^^givc^  rctlutrcd  htmuijlobin. ) 

J.    Uy  acids  and  ioilin  ;  al»(>  in  tlie  t'nrly  stageii  of  ptit refaction. 

4.  Hy  salts  and  glycerin. 

The  physiologic  Mj^nificance  of  ihix  metliemagtubjn  formation  resl5  on  the 
Uabilityof  the  compound,  and  its  consequent  innhility  to  carry  nut  the  fuiictiuni 
of  oxybemuglubin.  Ihit  producer  a!>phyxia  uf  llic  tisMie»  Pure  mctheninglo- 
bin  «<jlulton*  may  be  iitjecle^l  intu  the  blixd,  without  causing  uny  symptoms. 
Even  the  urine  reiuainn  free  from  albumin  nr  iiirilicmnglobin.  The  Lompuund 
ift  in  pari  secrtted  hy  the  bile,  in  pan  <lepo*itcd  in  the  htmntopotetic  orjjnn^. 

Nor  i!i  the  /i-w/Vfurc  cotivcr»(ou  of  a  c>iii.-.iilenblc  (>to|>oriii.ni  of  tlie  nxy- 
hemoglobin  inlu  it«  isomer  of  great  Mgniticjncv  ;  Inr  mellicmugluhin  IS  nut  nb- 
Mtlulcly  -liable,  aiul  as  soon  as  the  ok ygi^n- starvation  of  the  lis>uc»  it  carried 
tu  •  certain  degree,  they  KJic  upon  tlie  mcthcmoglobin  and  dec'jro|K»e  IL 
The  condition  can  therefore  become  dangerous  only  if  the  mcthi^muglobin- 
frtiner  vnntimiet  it"  action.  Thu  docs  not  occur  in  thempeiitic  doses  of  any 
ul'  the«*  dnigs  but  mjiy  contribute  tu  the  fatal  ending  in  ca^iet  of  |K>isohiiig. 
The  Aymptunis  air  Ihu-sc  uf  a.<iphyxin.  There  in  a  [leculiar  bine  about  lip»  and 
finger-nails  etc.  The  met  hemoglobin  gradually  rplum<i  lo  oxy-  or  rc<)uced 
lirmtiglobin  oAer  deaili,  so  that  an  etamiiiatiuu  aflcr  several  lUya  may  fail  lo 
reveal  its  prewnce. 

Many  of  these  agenis  can^,  in  addition,  a  breaking  up  of  ihe  rorpiiscle^ 
and  Ibia  greatly  incrcajirii  the  danger.  A^dde  from  the  asphyxia  which  mutt 
be  uruponiuned  tu  it.  the  proteid  and  other  substances  lii»eraied  caiMc  injury 
to  the  kidney — albuminuria,  glycosuria,  mcthcmoglobiniuia,  etc  It  is  also 
clauned  thai  it  causes  tlie  sudden  funiuliun  uf  51>rin  fcnniriit,  which  may  then 
c*u<w  extensive  iiitiavakcuUrclotting.  The  ilcbris  is  also  credited  with  causing 
einbuh.  I^t  these  facts  are  not  ndmilied  by  all  nuthoriiies.  .^  •imall 
dc^iructiun.  such  as  tnny  be  caiued  by  the  sulKulaneuiu  iiijeLtiun  uf  glyLcrin, 
crrtaiuly  has  no  jiennancnt  tnjuHtuis  efTecl. 

The  «peci^  action  of  the  drug  (s,  of  course,  jwned  to  thew  melhemoplo- 
bio  tthox,  and  may  cntitely  uventhaduw  thctn.  Thus,  rabbiu  die  uf  KCK), 
before  il  oxues  lo  any  roetbctnoglobtn  foraiatiun. 


^ 


VII.  FATE  OF  THE  COAL-TAR  DERIVATIVES  IN  THE  BODV. 

The  BromatKr  compounds  tend  to  undergo  oxidation  in  the  body ;  but  this 
cflecu  io  aloKMt  all  cue*  the  hydrogen  alums  or  side-chains  only,  leaving  the 
carbon  atcrmit  of  (he  ring  mlact,  and  pre^ierving  the  form  of  the  latter.  The 
rcsvll  i*  hydroxyls  or  acid  groups.  These  new  compounds  again  enter  into 
ooabinattoiuv — ihuse  containing  hydroxy!  groups  with  HilphtiHi:  and  (jlycuronic 
acidt;  ibaae  cuntaining  acid  radicles  with  glycucoll.  A  few  fnnnulos  will 
UlaitrMe  this : 


c;h,4-o,= 


=  C;H,.  '21^  1  C.H.<g[J  +  H,SO.  =.  C,H.<g5>^  +  H,0  +  O 


Venaol 


DioxylMnfOl 


Acii 
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CVIjOU   f  HCO,.(CIIOH),COH  ^C,lVCO,,(LII.OIlva)H       11,0 
Cartx>l  Glycumnic  Acid'    .  Phenol-glycurauic  Acid 

HC,H,0,  -h  C,H,NO,  =  HC,H,NC>,  -r  H,C» 
SaUcyllc  Acid      Glyv-ucoll  SaliCylvric  Acid 

Bciixaic  Acid  lli{i|>uri{  Acid 

There  are  CMn«idemble  difTrrences  in  dvt«il ;  olher  products  are  formed 
idong  with  tliuK  given,  niub  aa  hydnx-himm,  |><rruailccliin,  etc.,  whose  oxida* 
tiati  pruducls  give  rise  id  ilie  clinmrtcristic  dark  color. 

The  formation  of  these  combined  acids  is  of  considerable 
practical  iniprjrtance.  They  are  much  iess  poisonous,  and 
their  produclinii  is  in  tl);it  nieasure  a  protective  mechanism, 
whose  efficiency  can  be  increased  by  the  administration  of 
s<jlublc  sulphates  (see  p.  37 1).  They  also  fonn  an  index 
to  the  gravity  of  the  poisoning.  The  phenol  sulphates  do 
not  precipitate  with  Ba.  and  hence  so  long  as  tlic  urine 
gives  a  precipitate  with  the  latter,  it  is  a  certain  indication 
that  tlic  organism  is  able  to  cojjc  vvith  the  poison.  But  when 
tlie  precipitate  Kxomes  very  small  or  disappears,  the  sodium 
sulphate  slujuld  be  puslied  rapidly.  These  compounds  also 
reduce  copper,  and  may  therefore  be  mistaken  for  sugar. 

The  principal  i/niffi  ifAitA  cause  ihe  appearamt  of  rttfucing  miitamffi, 
not  lUK"'*  '"  '^'  urine  are  :  Turpeotine,  cblorofurui,  chloral,  phenncelta,  bk- 
charin,  uUcylic  add,  bolsanui. 


(C)  DISINFECTION. 
I.  GENERAL  CONSIDFKATIONS. 

Toxicity  and  Resistance. — I'nsMiig  now  (o  ihe  mairt  use  nf  the  seciind 
group — Uiai  uf  the  anliseptics — it  is  well  to  discuss  the  wltulc  ^iubject  of  cbeitiic 
disinfectiun  in  this  place. 

'1  lie  ntirrber  o(  substances  vrbich  are  capnble  of  destroying  bacteria  or  in- 
hibriing  iheir  growth  is  very  large.  Wc:  arc  dealing  litre  with  mimilc  iwlaied 
particles  of  living  prutoplu^m,  and  it  is  well  known  how  delicately  sensitive 
the  latter  i»  to  changes  in  lis  environment,  .Almost  any  pronounced  change  in 
the  latter  will  be  detrimental  lo  itic  former,  'nids.  it  m  onlv  necessary  k-  in- 
crease the  percentage  of  soluble  malli?r — salts,  or  sugar — in  the  ine<lium  alxwe 
a  certain  point  to  cause  congulation  of  the  glotnilins  etc.;  and,  in  sdditton, 
certain  uther  subsunces  have  a  mure  fcpccilic  toxic  effect  [an  ion  action),  e»m 
ia  minute  doses. 

On  Ihe  olher  hand,  the  bacteria  are  endowed  with  a  peculiar  rcsistatice  lo 
such  inCliiences,  due  pei^aps  to  a  mechanisin  preventing  the  thorough  penena- 

'  tjljrcuroDJc  acid  is  derived  from  sngnr  as  follows  : 

CHjOH  —  tCH.OH)j  —  C^  =  CducQse 


COOH  —  (CH.OH),  —  C"  =  Olycuioolc  Acid 
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tKm  dC  tbe  reagvnU  ;  to  a  rcsLtlanl  cvU-wall.  ThU  mechaniam  is  ri^udercd 
•till  more  rfficicnt  by  the  property  of  spore  formatiun,  in  which  an  extremely 
impenelniMe  cell-wall  it,  developed.  Cilbbcquently,  wlieicns  il  in  a  compars- 
tivciy  ra>Y  mailer  Ui  mi  alter  the  mediiUD  a<t  to  retidcr  il  uoHt  ftir  Ifae  develop- 
tneni  nf  haiterin,  it  i*  a  rnuc)i  more  ditlicult  une  to  kJM  them  outrighl.  Change 
in  the  medium  is  •^utficieiil  for  the  funiiei.  but  pem-liBitoii  ii  rnquired  fut  the 
latter.  A»  a  matter  of  cuur>e,  if  the  nietliutii  dp.  reiuleri'd  unlit  f(>r  tbe  organ- 
iwis,  so  that  they  cnniiot  fjmw  tmr  reproduce  in  it.  thry  will  eventually  die  ; 
but  MDce  many  bacteria,  and  especially  tlieir  spi>rcs,  aie  eiidowed  M/ilh  a 
trmarksble  pnipetly  nf  remainirij^  for  u  cuuMdenible  lime  dormant  but  alive 
under  onfavomblccwiKlilion-S  and  aijjnn  developing  when  these  are  more  favor 
able,  a  practical  distinction  must  bt  made  between  aniurNic  and  germicidal 
ai'liun,  —  the  funner  hiiidt-riii|;  tlie  drve!(ipn>cnt  of  the  iiri^imtiiK,  the  latter 
killing  them  nuuight.  Alt  )*rnnicidid  t>ubHTiinc«s  arc,  of  course,  aniiseplic.  but 
the  c\;n\cr*c  docs  not  always  hold  true.  n&  fi.>i  iiutaiice  in  tlie  cnxr  of  mlU  or 
Mijpu.  A  third  cla>«)t  nwy  sImi  be  cocii^idrred  in  lhi^  connection — the  t/rodor- 
tiUi — which  dr&lroy  some  of  the  odorousi  bacteriAJ  products,  but  not  the  b«c* 
Cerin  themselves 

Factors  Determining  Usefulness. — The  nature  of  the 
antiseptic  substance,  or  the  strength  in  which  it  is  used,  arc 
by  no  means  the  only  factors  determining  its  efficiency  and 
uscfulne.*:s.  Amongst  the  other  more  important  factors  may 
be  mentioiietl : 

/.  The  nature  of  the  micro-organism. 

Sftpruphyles  are  mora  reti-ilanl  than  pAtltngenic  bacilli  \  micrococci  than 
cither,  and  spares  moftl  ol*  ail. 

There  alwi  is  stiitic  seitcHve  action^  »oine  substances  being  comparmtively 
much  ttii>re  toxic  to  one  succies  than  to  another.  (Thus,  geld  chlorid  is  more 
feoitic  to  anthrax  than  to  coolvra ;  carbolic  acid,  the  reverse.) 

2.  The  number  of  bacteria  to  be  destroyed. 

;.  The  nature  ami  quantity  of  the  associated  material. 
Many  substances  whicli  arc  strongly  germicidal  when  acting 
on  the  bacteria  alone  are  mucli  weakened  bj'  entering  into 
ciicmic  reactions  with  the  medium. 

Thtis.  poUteium  permuq^nale  is  destroyed  by  oil  or>fanic  matter  :  mercuric 
dtlurid  is  prrnpitattd  by  pnitrids  ;  silver  niltaic  by  chloride,  etc.  These 
hiaulublc  niml>inati<in<t  are  mi  longer  germicidal.  Fiirthet,  ibt-y  hindtr  the 
fenftration  of  the  anti*eplic,  a  condition  oi  considerable  ^urjfical  importance. 
€  >f  all  the  anliacptic^.  iIioac  uf  the  arumnlic  scries  arc  Ica&t  acted  upon.  As 
we  have  »ern,  they  do  not  enter  into  chemic  i-uinbi nation  with  tlte  media,  and 
have  tbetefore  a  superior  penetrating  power. 

^  The  time  of  crfosure.  The  different  antiseptics  show 
great  variations  in  this. 

5.  The  de^^ee  of  dilution  of  the  disinfecting  agent  is  in 
most  cases  of  the  greatest  importance.  A  decigram  of  sub- 
limate in  100  c.c.  of  water  will  be  much  more  efficient  tlian 
a  gram  in  ten  liters. 

6.  The  toxic  and  corrosive  action  of  tlie  agentj  and  the  ease 
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witli  which  it  is  absorbed,  are  also  often  of  importance  in 
deciding  its  practicaE  usefulness. 

7.  The  cost  often  enters  into  consideration. 

a.  ANTISEPTICS  IN  COMMON  USE. 

The  more  commonly  used  antiseptics  are  the  foUownng : 

Inorganic  Salts:  MgCl,.  AgNO,.  FeSO^.  CuSO,.  ZnSO,, 
ZnClj.  Al,a,.  K,AySO,),.  NaCI.  Kl.  NaKI. 

Acids:  H,SO..  HNO^.  HC,H,0,.  H^BO^  As,0,.» 

Alkali:  CaO. 

Oxidising  and  Reducing  Bodies :  SO,,  KMnO^  H,0,,  O^ 
I,  Br,  CI,  Calx  Chlorata. 

Fatty  Series:  CHCI3,  CHI,.  CH,0,  C.H.OH.  C^H.COH),, 
sugar. 

Aromatic  Series:  Sec  Materia  Medica,  page  387,  and 
table,  page  364.  To  this  may  be  appended  camphor  and 
the  essential  oils. 

Alkaloid:  Quintn. 

Manner  of  Action. — Of  the  inor^ntc  »lb.  ihoac  of  the  Aeav}'  mtiali  %xA 
of  aiuniinium  arc  anti^vplic  l>v  fomiing  inMilublc  pmlciil  comptiundn  with  l)ie 
protoplasm  of  (he  harlerin.  Hiiwcvrr,  ihcv  do  not  pmhably  pciiftnilr  ihr  cell- 
wall  very  readily,  ami  their  action  is  certainly  a  very  slight  one, — unlcia  tb«T 
possess  a  specific  toxicity,  an  does  mcrciin'.  In  nil  caxcs  thdr  action  i«  vriy 
greatly  wenkencd  if  olScr  pruieids  are  present,  as  ihey  are  t>ound  and  lendeird 
inactive.  Tlie  greater  number  arc  deodorant,  mlher  than  anti&cptJc,  by  com- 
bining with  the  M|S  and  N1  [,  and  'Similar  oilorous  Miboanrex. 

<  If  the  Heulml  tatts  vf  ■tlkt^lif^^  \\\k Jttti>ru{s,  and  lu  a  lesa  extefit  tjjc  A*i*-rffri, 
poasess  specific  toxicity.    The  (-fleets  of  NnCl  and  KN(->,,  asabusugmr.ate  due 

fmrely  to  salt  action.  They  render  the  mrdium  until  for  the  bacteria  nnd  iherehy 
ovrer  their  vitnlity.  The  ittiuis  have  no  special  action,  excejM  when  lodin  i<. 
libemled  from  them. 

Bacteria,  like  all  living  organiions  require  a  certain  rtnctian  of  mediutn  for 
their  develoftmeni ;  and  n  rnixidetuhle  ntcxlificaiion  of  thta,  by  either  acid^  tv 
alkalies,  is  iniitucal  to  titetu.  Most  forms  are  mure  ttenaitive  lo  the  former  than 
lo  the  latter. 

Strong  oiidizfn  aitti  reduftrt  (end  In  pmfture  chemic  changes  in  all  organic 
mailer,  and  bacteria  are  no  exveplton.  However,  for  thi5>  very  reason  thcic 
uih^cnncen  are  quickly  rendered  inactive  by  any  foreign  inalier  which  i^  nwally 
fouiul  with  these  organisms.  It  can  never  lie  hnprd  tn  have  any  action  frooi 
Ihem  oTlcr  their  ah-u)Tplion  ;  and  locally  oidy  if  the  amouni  of  ^wgaiiic  matter 
preitcnt  is  «inall ;  i>r  apart  fnim  the  hoily,  if  they  can  be  uwsl  in  suilicirnt  con- 
centration without  TiXso  destroying  the  infected  article. 

The  drugs  of  the  fatty  leries  arc  rather  weakly  aiiliseptic  ;  for  their  actiitfi 
lies  in  ihc  precipitation  of  pm1op1a<im  ptnduccd  by  them.  Since  these  jtrecipi- 
tatea  remain  cajtable  of  lacing  dissolved  for  a  considerable  letigtJi  of  titne,  Uiey 
are  scarcely  at  aU  gennicldol. 

Table  XIV  will  serve  In  give  some  idea  of  the  relative  stmigtk  ff  thru 
•niiuftiet^  if  it  be  borne  in  mind  that  these  figures  cannot  be  applied  indis> 
criminately  lo  nil  bacteria. 

>  Anenic  b  an  insecticide  rather  Ihan  a  gemncide. 


VALUE  OF    DISINFECTANTS. 


377 


TABLE   XIV.— DISINFECTING   POWER    OF   COMMONLY   USED 
ANTISEPTICS.  1 

St  =  Steniberg ;  M  =  Miquel ;  K  =  Kitasato. 

AatlHptlc :     Prb- 
VBNTS       Pbxma- 

NBNTLV      THB 
P  U  T  R  ■  PACTION 

OP    Bouillon 

iNOCULATBD  QcnBlcldal 

WITH      Sbwbr  to  Anthrax      to  Typhoid 

Bactbria.  Spores.             Bacilli. 


•^rif\J  =10.000  two 
:  10,000,    two  [      (F^ftjj^el) 


HgCl,   ...  I  :l5,ooo(M) 

^      hours  (St)     J 
^e^O,     .    .  I  :  1 2,000  (M)     :  4,000 
FeSO,  ...  I  :  90  (M)  not 

CuSO^  .    .    .  I  :  no  (M) 


SO,        . 
KMdO, 

H,0. 

Br     .   . 


.    .  I  :  500  (M) 

.    .  I  :  730  (M) 

^(SO,).  I:222(M) 

.    .  I  :  800  (St) 


I  :  250  (K) 

,  I  :  143  (M) 

I  :  166  (M) 

I  : 

1  :    positive 
1  :  285  (M) 

I  :  ao,ooo(M) 

I  :  1,666  (M) 


not 

not 
not 

I  100,  ten  days 

(Koch) 


not 

;  20,  one  day 
(Koch) 

;  125,  2  hours 
(St) 

:  50,  twenty- 
four  hours 
(Koch) 

;  100,  3  hrs. 
(Fisher) 

:  100,  two  hrs. 
(Boer) 
not 

not 


not 
:  100,  two  hrs. 
en  tnin. 
(Leitz) 


24 


(:  100,  ti 
:  20,  tei 
(Leit 


:  1.550, 

hours 

(Boer) 
:  330.  5  hours 

(K) 
:  300,  S  hours 

(K) 


;  1,000,      five 

hours  (K) 
positive 


need  moisture 


•  Deed  moisture 


:  2,000,  2  hrs 

(Boer) 
:  200,    I    hour 

(Kirchner) 


CI I  :  4,000  (M) 

Calx  dilonU  I  ; 

CHCl,  .    .    .  I  : 

CHI,  I  :    positive 

Fonnaldehyd 

(absolute)     1 : 5,000 

(checks  de- 
velopment 
erf*  typhoid) 
C,H(OH  .    .  I  :  333  (M)  :  33,  two  days     :  100,  2  hours     :  1,000  aureus 

(Koch)  (Bolton)  (Slater  and 

Rideal) 

'  The  results  of  the  observations  of  diflferent  experimenters  are  not  com- 
parable, aiiice  the  proteid  content  of  the  solutions  is  not  uniform. 
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Disinfecting  Power  of  Commonly  Used  Antiseptics. — [CantiMtted.) 


Aatlaeptic :     Pre- 

vents     Perma- 

nently    THE 

Putrefaction 

OF    Bouillon 

I  NO  CULATBD 

Oermlcldal 

with      Sewer 

TO  Anthrax 

TO  Typhoid 

Bacteria. 

Spores. 

Bacilli. 

Glycerin   ..1:4  (M) 

not 

, . 

Carbolic  acid   I  :  333  (M) 

'  iit  two  days 

:  100,  2  honis 

(Koch) 

(Bolton) 

Creosote    .    .  I  :  3.0"o 

:300,    pyocy- 

(Gutmann) 

aneaSyimiD. 

Creolin      .    .  1  :  5,000 

.  .  • 

Trikresol           I  :  1, 000 

Salicylic  acid  I  :  1,000  (M) 

not 

:  70,  five  hours 

(K) 
not  (K) 

Benzoic     .    .  I  :  900  (M) 

not 

Fyoktanin     .  I  :  2,000 

not 

:  1,000,  thirty 

(Boer,  ty- 

minutes 

phoid) 

(Jaencke) 

Thymol     .    .  I  :  1,500  (M) 

Essential  oils 

gennidda)    to 
all  in  yi  hr. 
(Cadearand 
Meunier) 

Quinin     sul- 

phate    .    .  I  :  800  (St) 

. , 

Antipyrin 

group     .       I  :  25 

III.  PRACTICAL  HINTS  FOR  THE  USE  OF  ANTISEPTICS. 

The  following  endeavors  to  give  some  practical  hints  of 
the  subject  under  discussion.  The  choice  of  the  disinfec- 
tant must  be  largely  determined  by  the  objects  to  be  disin- 
fected.    These  can  be  roughly  classified  into : 

1.  Preservation  of  food. 

2.  Excreta. 

3.  Articles  of  clothing  and  furniture;  instruments;  the 
skin,  etc. 

4.  Rooms. 

5.  Operative  technic  and  open  wounds. 

6.  Special  situations. 

In  the  beginning,  it  is  well  to  call  attention  to  the 
value  of  heat,  as  this  will  not  be  further  dwelt  upon  in 
this  purely  pharmacologic  treatise.  Fire  is,  of  course,  the 
very  best  of  germicides.  With  steam,  a  half  hour  or  hour 
of  exposure  suffices  in  most  cases.  Dry  heat  of  150°  C, 
continued  for  one  hour,  is  sufficient  to  kill  any  known  bac- 
teria or  their  spores.  And  the  efficiency  of  chemic  disin- 
fectants is  always  increased  by  using  them  hot. 
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I.  Preservation  of  Food. — Since  it  is  only  necessary  to 
prevent  tlie  excessive  development  of  bacteria  for  a  Umitcd 
time,  quantities  of  antiseptics  tf)0  small  to  have  any  appre- 
ciable cflect  upon  health  arc  sufficient,  unless  the  substances 
used  possess  a  marked  toxicity.  What  is  the  effect,  however, 
of  the  continiicd  and  habitual  introduction  into  the  body 
of  even  comparatively  liarmless  antiseptics  such  as  are  com- 
monly used,  is  a  problem  not  yet  answered.  Presumably 
it  is  not  very  great,  and  tlie  main  objection  to  tliem  rests 
upon  the  fraud,  in  permittini^  inferior  goods  to  be  disposed 
of  as  a  first-class  article. 

^L       The  principal  ones  are  : 

^^^^  Salicylic  Acid. 

^^^B  Boric  Acid  and  Horax. 

^^^^  Sulphite  of  Lime. 

^■^      Formaldehyd  has  recently  been  introduced  for  this  pur- 

^■soec.      On    account  of   the   specific    irritation   of  mucous 

^Vnicmbranes  which  it  causes,  it  cannot  be  too  strongly  con- 

H  demned. 

^1       Creosote  and  smoke,  salt,  saltpeter,  and  sugar  are  used  for 

^V  preserving  food,  and  are  almost  or  quite  free  from  objection- 
able features. 

3.  Excreta  and  Sputa. — Mere  must  be  distinguished 
between  the  sterilization  of  excreta  coming  from  patients 
affiicted  with  contagious  disease,  and  the  disinfecti<»n  of 
ordinary  pri\y  vaults.  In  the  latter,  cheapness  of  tlic  dis- 
infectant is  a  great  desideratum,  and  when  only  the  excre- 
tions of  healthy  indivuiuais  are  to  be  considered,  a  deodorant 

I,        action  is  sufficient. 

■  Sulphate  of  iron  meets  these  two  indications.  Being  a 
metallic  salt,  it  docs  not  penetrate  at  all  readily,  and  must 
consequently  be  frequeiitiv  applied.  It  acts  by  combining 
with  the  NH,  and  SH^ 

Where  it  is  necessary  to  have  good  penetration,  quicklime 
deserves  the  preference.  It  is  made  into  a  paste  with  water. 
Crude  carbolic  acid  is  cheap  and  efficient  if  its  smell  is  not 
too  ^reat  a  drawback.  The  latter  precludes  its  use  for  the 
disinfection  of  vessels  and  rooms.  Naphthalin  is  well  suited 
trt  unnais,  since  it  is  so  sparingly  .soluble  and  very  cheap. 
\  {Also  used  to  kill  moths  and  other  insects.) 

For  the  sick-room,  everything  considered,  chlorinated 
lime  deserves  preference.  About  6  ozs.  of  this  are  taken  to 
a  gailon  of  water,  and  a  quart  of  tliis  used  with  each  dis- 
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charge  and  allowed  to  stand  an  hour.  Sputa  and  similar 
discharges  arc  best  received  in  paper  cups  or  napkins,  and 
burned. 

3.  For  the  disinfection  of  the  hands,  walls  of  roottts,  arti' 
cUs  not  iujun-ii  by  wvt,  etc.,  mercuric  chlorid  (i  :  lOOO)  is 
almost  universally  applicable.  Us  only  drawback  lies  in  its 
toxicity.  Where  this  is  a  seriou.s  objection  it  may  be  replaced 
by  phenol  {2  :  100)  or  i'ormaldchyd  {4%  absolute  ^^  10% 
commercial).  These  may  also  be  used  for  vistrunwnts  the 
metal  of  which  is  injurctl  by  mercury.  Another  j>opular 
method  is  to  boil  the  instrument  in  i  Jife  Na.^COj  for  half  an 
hour.  I*"or  glassware,  dry  heat  of  about  i  50°  C,  continued 
for  an  hour,  deserves  preference.  The  bed<:lothiHg  and 
dresses  of  jjatient  and  nurse  should  be  sterilized  by  steam, 
or  at  least  by  jjrolonged  boiling.  Wool^  which  will  not  bear 
damp,  can  only  be  satisfactorily  sterilized  in  special  appa- 
ratus by  thy  heat  of  1 10°  C,  or  by  formal dehyd  gas. 

4.  Rooms. — The  spon^pn^j  of  rooms  and  furniture  with 
antiseptic  solutions  is  never  sufficient  for  their  steriliza- 
tion ;  for  there  are  always  many  crevices  which  would 
escape  in  such  treatment.  Some  method  of  fumigation  is 
ncccs.sar>',  and  the  choice  rests  niainl>-  between  SO,  and  for- 
maldehyd.  SO,  destroys  bacteria,  but  not  spores  ;  it  is  also 
objectionable  since  it  causes  bleaching  of  all  organic  dyes. 
It  is  generated  by  burning  3  lbs.  of  sulphur  for  each  lOOO 
cubic  feet  of  space.  To  avoid  danger  of  lire,  the  sulphur  is 
placed  in  tin  pans  raised  from  the  floor  by  bricks.  Its  action 
is  materially  greater  when  the  air  is  saturated  with  moisture. 

Fonnaldehyd  is  mticli  more  efficient,  and  its  only  draw- 
back is  the  cost  of  the  apparatus  needed  to  secure  the  best 
results.  It  is  made  by  burnin£j  methyl  (wood)  alcohol  in  a 
special  lamp.  Wiiil.st  formaldeh>'d  is  very  volatile,  it  de- 
composes quit-:  largely  if  it  is  attempted  to  vaporize  its 
solution  by  heat,  and  much  is  lost.  However,  1  50  c.c.  of 
the  commercial  40^  solution,  ulien  vaporized,  will  disinfect 
a  room  of  1000  cubic  feet  in  ten  hours.  Or  a  number  of 
sheets  saturated  with  the  solution  may  be  suspended  in  the 
room. 

With  all  fumigation  the  room  is  best  kept  closed  over- 
night, tiien  thoroughly  aired,  and  then  sponged,  first  with 
an  antiseptic  solution,  then  witli  water.  The  wall-paper  in 
particular  should  be  thoroughly  cleaned.  Where  possible, 
a  coat  of  whitewash  should  be  applied,  since  this  constitutes 
an  efficient  germicide. 
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5.  In  Operative  technic  for  open  wounds  the  objects  arc 
to  Avoid  local  irritint  action  and  general  poisoning  tVom 
absoqrtion,  and,  if  the  wound  is  infected,  to  obtain  the 
greatest  penetration.  When  tlic  wound  is  not  infected, 
asepsi.s  rather  than  antisepsis  should  be  the  aim.  VViien 
tl>e  latter  is  required,  preference  sIkjuM  be  given  to  carbolic 
add  (2  :  100)  for  ix;nctration,  and  to  HgCl,  for  local  action 
( 1  :  5000  to  20CX>).  Both,  it  must  be  remembered,  are  irri- 
tant and  capable  of  absorption.  The  two  can  well  be  used 
in  combination.  The  tendency  of  MgClj  to  form  insoluble 
combinations  with  the  con.stituents  of  the  tis.sues  can  be 
greatly  lessened  and  the  keeping  qualities  improved  by  the 
addition  of  HCl,  tartaric  acid,  NaCl,  or  NH^Cl.  in  amount 
about  equal  to  the  IlgClj.  The  crcsols  arc  rather  less 
poisonous  tlian  carbolic  acid,  but  ]>ossess  no  other  advan- 
tage. H,0,  solution  is  also  useful  for  this  purpose.  The 
foam  which  arises  when  it  comes  into  contact  with  decom- 
posing matter  suppoits  its  action  mechanicall)-  by  dislodg- 
ing fixed  particles  of  bacteria,  dirt,  etc. 

Tbr  local  initani  cff*«s  «rr  by  no  rnean^  always  objectionable :  thus,  car- 
biitk  auii  i>  HNnrtiiur.t  u>cd  fur  its  caustic  actitm.     On  accuunl  uf  the  arirsilic- 
»ia  whkh  it   induct-*,  it  is  v«ry  nmch  trs*  i»ainful  than  other  acids  ;  but  it  is 
also  lcs«  dEdcnt.     It  is  wmetinio  injected  in  strung  solution  into  cysts  to 
3illir>ive  iiillaiJiniatiuii.     Salicylii:  acid  hImj  hiu  »  decided  caunlJc  udian, 
(Irir-ntiinr^  ttn  um'  iti  hy]Krri(IruM\  uitl  fm  stiftniiii);  corns. 
Thi!  imtiiiion  \i  an  oljccticii  init  v«iily  at  ilic  place  uf  application,  btit  also 
■t  tbc  scat  rif  cxcTcttun, — /.  •'  ,  kiJjtcv^, — and  nephritis  cmulitutc^  a  cunlraiiidt- 
Cittitia  U*  the  u»c  of  absorbuble  ant i<(cplic!>. 

The  endeavor  to  prevent  symptoms  of  genera!  poisoning 
when  a  purely  local  eflcct  is  required  has  led  to  the  use  of 
tlic  insoluble  antiseptics  as  dusting-powders.  Many  of 
these  are  also  useful  in  promoting  healing  by  their  irritant 
action;  on  account  of  their  slight  solubility  this  is  always 
mild  and  kept  within  physiologic  limits. 

A  mild  irritant  action  of  this  kind  stimulates  cell  di\-ision 
and,  consequently,  healing. 

Such  prodticts  are : 

i<*t1oform,  which  is  not  at  all  germicidal  for  pure  cultures. 
but  appears  to  be  decomposed  by  living  tissues  or  oi^an 
rxtracts.  and  by  ordinary  bacterial  cultures,  with  the  libera- 
j  tion  nf  iodin. 

When  used  over  lai^e  surfaces,  or  by  injection,  iodoform 
has  repeatedly  given  rise  to  toxic  symptoms,  consisting  in 
Lassitude  and  somnolence,  hallucinations  and   convulsions, 
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dcatli  through  general  paralysis  of  the  central  nervous  sys- 
tem. Chronic  poisnning  shows  fatty  degenerations  in  heart, 
liver,  and  kidneys.  Sodium  bicarbonate  i^  stated  to  be  an- 
tidotal. 

^*^Mo/ormwi  (U.S.P  ,  h.V.).—/»do/i'rm  — CIII,.  Made  by  the  rc*c- 
liuii  of  alciiliul,  todiu,  and  put  bicarbonate.  Vclluw  cn-Msls  uf  a  cbaracient- 
tic  odor.  Very  slightly  soluble  in  water,  soluble  in  52  parts  uf  alcnhol,  frecljr 
in  eihrr.     Contain>>90  \o*)ii%  of  iixltn.     Dose  :  0.05  la  0.3  Gm.  (1  to 3  gn-)- 

Un^ueMfuiu  linieijorwi  (U.S.r,,  B.]'.)  cotiiaiii^  lo^. 

Sttppontoria  Jadfffarmi  (H.l\)  each  cuntain  0.2  Gm.  (3  gra.). 

On  account  of  its  pronounced  odor,  recourse  has  been 
had  to  inodorons  iodin  compounds,  some  of  the  best  o\ 
these  having  been  patented;  as 

Aristol  (dithyinol  diiodid)  and  lodol  (tetrait>dopyrT<»I) ; 
Nosophen,  Eiuioxiti,  and  W«//«.f'j/«  (tetra-iod-phenol-phthalein 
and  its  compounds) ;  I'j^ojt,  an  iodin-albumin  compound. 

( )tiier  antiseptic  dusting -powders  are  ; 

or  the  arorfiafic  bodies,  principally  salol,  thymol,  naphthoi, 
and  acetanilid. 

Of  metallic  compounds,  mainly  the  insoluble  salts  of  bis- 
muth ;  but  t]»ese  maj-  be  partly  absorbed  after  continued 
use  and  lead  to  poisoning.  The  subgallate  is  the  Icastsub- 
ject  to  this. 

Borack  acid  may  also  bf  used  as  du.sting- powder. 

6.  Antisepsis  in  Special  Situations.  —  Aside  fmm 
operative  wountJs,  antiseptic  action  is  often  required  in 
various  parts  of  tlie  body,  and  their  use  in  each  region  pre- 
sents special  features. 

We  shall  consider : 

(a)  Antisepsis  in  tissues. 

{i>)  Antisepsis  in  tuberculosis. 

(r)  Skin. 

(c/)  Gargles. 

(f)  Intestinal  antisepsis. 

if)  Urinary  tract 

(a)  Antisepsis  In  Tissues  after  Absorption.— This  is  as  vet  oiJyl 

dream  of  ihr  future.  Tlir  only  cx.\nip]c  which  wc  poswss  of  such  an  action  ii 
salicylic  aciH  in  ncute  articular  rbcum^itihni.  This  dnig  i»  of  Yer^-  little  ^-aliw 
in  chroiiii:  rheumalism  or  in  goat.  H»uuiic  acid  has  a  similar  but  muth  weaker 
aclion.  All  alher  antlKcplicB  kilt  the  niiimal  wlini  procnl  in  the  ti^^an  to 
closes  tnucb  smaller  llwn  are  necessary  to  affrt:!  the  bacteria.  But  the  abvue- 
mentioned  action  nf  salicylic  acid  bns  encoumged  ihe  belief  (hat  antiseptics 
vany  be  found  which  act  m>  specilicall)'  on  certain  micru-organixnts  ai  to  laak* 

The  mu5(  imporlanl  [ircpOTiiliuns  arc  marked  ,%. 
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them  wnriceable  in  this  cofinection.     Alihough  this  search  has  to  [ir  been  un- 
succesAful,  (hi»  need  not  tli»cuuiage  further  (.-fiurl. 

(b)  The  general  disease  against  which  antiscjjtics  have 
been  most  persistently  tried  is  pulniunary  tuberculosis. 
Kut  here  also  main  reliance  has  thjeii  placed  iiptm  a  local 
action,  from  the  supposition  that  some  of  t!ie  arumatic  bodies 
are  txcrfied  through  tkc  lungs.  This  is  indeed  the  case  with 
tar,  cncasote,  turpentine  (terebcne),  ichthyol.  iuduform,  ben- 
zosol.eucalyptol  and  other  volatile  oils.  (Ichthyol — I  to  2 
Gm.  three  times  a  day — is  less  nauseating  than  creosote.) 
Hut  tlie  amount  so  excreted  seems  to  be  ton  small — at  least 
tile  sputa  of  patients  thus  treated  are  scarcely  less  \irulcnt. 
Ncvcrtiieless,  tliesc  bodies  {L-Sficcially  creosol  and  guaiacol 
(carbonate))  do  seem  to  exert  some  tavnr.ible  influence  ;  but 
they  do  so  probablj  by  influencing  tiie  nutrition  through  a 
miid  intestinal  antisepsis  and  stimulation,  and  also  by  acting 
on  the  bronchitis.  They  arc  especially  useful  in  acute  infec- 
tions of  the  re^iratory  organs. 

Not  much  greater  success  has  followed  the  attempt  to  in- 
troduce these  antiseptics  into  tlie  lungs tw  the  lespiiatory 
passages,  in  the  form  of  sprays  and  inhalations.  The  fault 
lies  in  the  fact  that  they  do  not  rench  the  disease  foci  in  this 
manner,  but  remain  in  the  upper  air-passages.  Nor  could 
they  readily  penetrate  the  caseous  matter,  even  if  they  were 
brought  into  the  alveoli.  They  .ire  in  con.secjuence  useful 
in  bronchitis  and  bronchial  pneumonia,  but  not  in  tubercu- 
losis. 

Great  claims  have  been  put  forward  for  tlie  hypodermic 
and  intravenous  injection  of  balsam  of  Peru  and  its  main 
constituent,  cinnamtc  acUi,  and  its  sodium  salt,  fletol.  No 
marked  germicidal  quality  is  claimed  for  them,  but  the 
causation  of  a  specific  inflammation  of  the  diseased  areas 
with  consequent  cicatrization.  Most  observers  pronounce 
themselves  unfavorably.  Others  concede  it  in  "walking 
cases,"  but  uf^e  the  great  inconvenience  against  the  treat- 
ment;  Intravenous  injections  must  be  given  daily  for  one 
and  one-half  years,  The  main  reliance  is  still  placed  on 
climate  and  forced  feeding. 

When  tuberculosis  is  located  in  more  accessible  situa- 
tions— joints,  skin,  etc. — the  outlook  is  more  promising. 
Pt-ruvian  balsam  appears  to  be  markedly  beneficent  here 
also,  ftnlc/ifrm  has  been  much  used,  either  as  powder  or 
as  a  suspension  (iodoform  10,  alcohol  and  glycerin  &&  45). 
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Thivsinamht,  a  derivative  of  oil  of  mustard,  has  recently 
been  introduced  against  lupu.s.  It  is  ^vcn  as  hypodermic 
injection  of  a  15  to  20^  alcoholic  solution. 

To  pass  now  from  diseases  to  tlic  diflTcrent  surfaces  of  the 
body  which  are  accessible  to  local  asepsis: 

(c)  The  Skin. — (^ermicicics  may  be  useful  in  this  situa- 
tion in  aiding  tiic  healing  of  sons  atui  uUcrs,  or  to  effect 
the  cure  of  mort  iUffust'  skin  diseases  depending  upon  the 
presence  of  bacteria  or  other  parasites.  In  cither  ca*c.  a 
mild  stimulant  action  seems  ti)  be  quite  as  essential  in  de- 
termining the  success  of  the  remedy  as  the  germicidal 
action.  On  the  other  hand,  the  irritant  action  must  not  be 
too  strong.  To  prevent  the  maceration  of  the  epidermis, 
the  drugs  must  be  used  either  as  powder  or  in  the  form  of 
ointments.  Tiic  latter  render  the  drug  capable  of  absorption, 
and  this  prevents  the  use  of  any  very  toxic  substance. 

The  following  are  the  most  employed  : 

Carbolic  acid,  5  ^  ciintinent. 

Ichthyol,    (O  to  505^  ointment.      This  exerts   a   pccul-' 
iarly  beneficent  irritant  action,  which  also  leads  to  the  ab- 
sorption of  inflammatory  swellings,  etc. 

Tar,  10  to  100 JJ&. 

Rcsorcin.  5  to  20^.  Same  action  as  phenol  and  no  ad- 
vantage. 

Naphtalin  and  naphtol,  5  to  1056  CMntment. 

Sulphur,  \ofo. 

Pyro^allol  (5  to  20  J^),  mainly  as  irritant,  but  too  dan- 
gerous if  absorbed,  and  best  replaced  by  chrysarobin. 

The  metallic  salts  and  oxids  which  cumc  uiuicr  this  licad- 
ing  will  be  considered  under  astringents  (Chap.  XXVHI.A). 

(d)  Qargles. — Passing  from  the  skin  to  the  mucous 
meniijranes,  that  of  the  mouth  is  the  most  frequently  diseased 
and  the  most  easy  of  access.  Antiseptics  arc  employed 
here  m.unly  in  the  form  of  gargles.  They  are  useful  not 
only  when  infection  has  taken  pla<x\  but  also  as  prophylac- 
tics — r.  g.y  to  prevent  secondary  infectians,  as  in  scarlatina. 

I'^or  garbles  it  is  well  to  avoid  poisonous  dr»igs.  since  some 
of  the  solution  is  veiy  frequently  swallowed.  This  constitutes 
the  principal  objection  to  carbolic  acid,  which  is  sometimes 
used  in  strength  of  i  ^ .  More  insoluble  drugs,  such  as  thy- 
mol, are  better  adapted.  The  essential  oils  (mcntha  ]>ipcrita) 
arc  also  useful,  especially  in  combinations,  since  they  also  act 
as  flavors,  a  not  unimportant  item  for  solutions  that  are  to 
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be  used  in  the  mouth.  Eucalyptol  is  preferred  by  many, 
although  it  docs  not  appear  to  possess  aity  5|>cdhc  advantage. 
Boric  acid  is  also  uiieful.  So  is  H,Oj.  When  an  astringent 
action  is  also  desired,  rtcaursc  is  h;id  to  such  liannless 
astringent  salts  as  alum,  potassium  clilorate,  or  iron  chlorid. 
The  latter,  it  must  be  remembered,  tends  to  injure  the  teeth. 
The  astringent  action  is  also  useful,  here  as  elsewhere,  in  les- 
sening the  absoqition  of  the  antiseptic,  and  such  combinations 
of  antisei>tics  with  astringents  are  \\armly  recommtrndcd. 

Similar  solutions  nia>'  be  used  for  spraying  the  throat  or 
for  irrigation  of  the  nose.  They  are  used  in  about  tlic 
same  strength  as  cje-watcrs.     (Sec  Chap.  XXIX.) 

(c)  The  remainder  of  the  alimentary  canal  is  also  to  some 
extent  subject  to  the  action  of  antiseiJtics,  although  there  are 
sonic  practical  difficulties.  The  possibility  of  intestinal 
antisepsis  has  been  much  discussed,  but  it  has  now  been 
proved  that  complitc  asepsis  is  impossible  in  tliis  situation. 

This  is  Misiljr  comptt-hcitiird  if  one  sl(ip«  10  ooiiMder  the  larf>e  niiml^er  of 
h«clirna  prctcnt ;  the  liu^c  nia>>s  of  iiiiilcnal  iti  llitr  itilt^sUnc,  iL'iutiiig  lo  wtriikcii 
Ihr  anlJw^tc  «i)«]  to  prvvrni  itn  iircif>4  ;  the  rondy  nl>Hi>r^)li<iii  and  ci)nTM^|U(!nl 
cl«li£er  of  jjr^nerel  pniwniiig ;  the  srnr^ilivencss  ■>(  the  iiiie»tinal  mnal  10  irri* 
t&iing  agmcteft ;  the  fact  tlut  feitneul  acliou  is  dUuioished  by  sll  tolisepUc&, 
etc. 

The  imponaoce  of  saprophytic  hact«iia  in  the  procetAof  digestion,  on  which 
flMdl  stfe«  vas  fonncTly  placrnl,  has  now  hero  disproved. 

Although  a  complete  intestinal  asepsis  is  an  impossi- 
bility, a  relative  asepsis,  a  limitation  of  an  abnonnally  in- 
creased bacterial  action,  is  not  so.  This  can  be  clearly  shown 
by  a  diminution  of  tlic  indoxyl  and  combined  sulphates  of 
the  urine  under  appropriate  treatment.  Calomel  may  cause 
their  entire  disappearance. 

Tbete  furnish  a  very  good  index  of  bacterial  action  in  tlic  intcitiiic,  and  are 
iocreaaed  or  diminished  with  lh)»> ;  for  tII^talKe,  the  nthiiiniMnition  of  alkalies, 
by  oentraliung  ibe  odd  of  ihr  g.istric  juice,  increases  the  amount  of  ioduxyl 
in  the  urine.  An  iooease  is  sometiines  seen  in  the  absence  of  auy  digeStve 
disturbouce. 

The  bacteria  in  the  lumen  of  the  intestine  will  be  much 
more  readily  acted  upon  than  those  which  have  already  ob- 
tained a  nidus  in  the  intestinal  walls,  and  antiseptic  measures 
will  be  of  greatest  benefit  In  the  former  condition. 

The  removal  of  the  contents  of  the  intestines  is.  of 
course,  one  of  the  most  efficient  niethiLHls.  for  it  carries  with 
it  at  once  numberless  bacteria  and  the  material  on  which 
tlicy  have  been  nourishing.      Calomel  is  the  best  physic  for 
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this  purpose,  since  the  slight  amount  of  bichlorid  formed 
from  it  tends  to  check  the  remaining  bacteria.  The  biddorid 
of  mercury  is  also  used  in  closes  of  ^^uff  grain  (0.035  mg  ). 
For  antiseptics,  more  strictly  speaking,  the  preference  is 
given  to  those  which  arc  insolubU.  \\'c  may  enumerate 
naphtahn,  naphtol,  the  cresols  and  guaiacol.  tliymol.  cam- 
phor, saiol,  etc.  Sahl  is  decomposed  into  carbolic  and 
salicylic  acid.  It  is  onl>'  sligiitiy  acted  upon  in  the  stomach, 
and  is  used  as  coating  for  pills  which  arc  not  to  act  in 
stomach.  It  has  been  suggested  as  a  test  for  the  length  of 
time  during  wliich  food  remains  in  the  stomach,  by  noting 
how  much  time  elapses  before  the  salicylic  acid  test  is  given 
by  the  urine.  It  is  only  of  limited  value,  since  the  time 
varies  greatly  in  normal  individuals. 

Most  intestinal  antiseptics  act  also  as  anthelmintics.  (See 
Chap.  XXX,  K.) 

The  rrslraiiiinE  action  of  the  ondscirtics  on  the  digestiTC  ferments  Is  also  ol 
some  imimrtnnre  in  dcCenDiniii^  Uieir  value  a:,  iniesunal  aatiseptics  and  agaiiul 
gaauic  fcrmcritalioii. 

Th'T  fnlloH-ing  tabic  [^ives  mkbc  idea  of  ike  comparntivc  resuaJning  influence 
00  the  feni)eiu»  in  (e^t-tut)<.■  cxperiiiienls: 

Lca»t  tc»trniuinx  bcU-jii  : 


BAcrmaiA. 


Alum,  akohot. 
carbolic,  ben* 
zoic. 


SallcyEic 


Formal  dcfayd. 


HgCL. 


VKAsr. 


pTVAtlN. 


K  Mt'd  Mil-!  M<<»rt>olfcAcId. 


c>ilr  add. 
t*  lormatln. 
5.4  alcolwl. 


M  Mfd  niol 
H  Mit'd  boric 
acid. 


K«      carbolic 
acid. 


ijl  fonnalin, 


Hfquinin. 

H  Mid  salicylic 

acid. 
aM^  Alum. 
2fl  alcohol. 


%  itat*d  benzoic 
or  bork  acid  ur 
aalol. 


iriooooHsCW.   I ;  loom  KgClf 


ParsiK. 


M    aal'd    bortc 
acid. 
*%*  altun. 


%  aat'd  aalicyUc 
acid. 

K  Ht'd  uluL 
S»  atcoh*>l. 
t :  looov  HjtClj. 


M«  quiniii. 
M«  ^-arbollc. 
M  Kit'd  bcniolc. 
1)1  formnliii. 


TavrsiM. 


K<  quinfn. 
H  tAi  'd  twnxoic 
or  boric- 
S>  alcubol. 
1 :  toooo  HcCV 


cylic. 
K  Mt'd  ntol. 


tlKxnalln. 


Most  rcstrelnlnjf  action : 

This  lable  cnnnfvt,  of  cotinc,  he  applied  directly  lo  the  pvocessea  in  the 
inte-itinnl  cnnal ;  abMirption,  precipiiaiinn,  toxicity,  etc.,  also  play  important 
patls.  However,  other  things  being  equal,  a  suMance  with  the  maximun 
ioxicity  to  the  [Hitrvfactive  urganismii  and  the  minimum  action  on  the  fermenl 
would  be  the  mosi  dpsirahlr.  Fnr  instance,  boric  acid  woold  b^  prvferabk  to 
salicylic  acid  ngainM  gii<itnc  fcrmenlntion  ;  tncrcoTic  chlorid  (orcalocnel)  agaian 
bacterial  action  in  the  irlestinc,  etc. 

(f)  Urinary  Antiseptics. — The  urinary  passiiges  max*  be 
treated  by  antiseptics  in  two  toajs  :  cither  from  the  urt^tlira 
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or  from  the  circulation.  We  sliall  discuss  only  the  latter  in 
this  place.  For  the  uretlual  antiseptics  sec  Chapter  XXVIIl. 
The  antiseptics  are  for  the  most  part  excreted  in  concen- 
trated solution  by  the  kidneys.  I'his  constitutes  on  the  one 
hand  a  drawback,  since  it  is  apt  to  set  up  a  mphritis  ;  but, 
on  the  other,  it  allows  us  to  exhibit  germindal  drugs  in 
situations  not  otherwise  accessible.  In  the  first  place,  any- 
thing which  tends  to  maintain  or  to  increase  the  acid  r<-ac' 
ti&H  of  the  urine  will  be  antiseptic.  This  is  accomplished 
by  mineral  acids. 

Urotropin  is  a  compound  formed  by  the  action  of  ammo- 
nia on  formaldchyd.  It  is  partly  excreted  unchanged,  partly 
as  fonnaldehyd.  This  excretion  begins  in  asliort  time,  but 
may  last  several  days.  It  is  claimed  that  it  does  not  injure 
the  kidneys,  and  that  it  may  be  used  in  nephritis.  It  ren- 
ders the  urine  aseptic  It  is  given  in  the  dose  of  2  Gm. 
(30  grs.),  dissolved  in  water,  after  meals. 

The  others  all  belong  to  the  aromatic  group.  The  most 
efficient  are:  Sodium  benzoate  nnd  salicylate;  salol ;  bal- 
!iam  of  copaiba,  oil  of  cubebs,  sandal-wood,  etc.  (sec  Chap. 
XXIX.  A).  These  resins  arc  excreted  in  the  urine,  and 
are  precipitated  by  nitric  acid.  This  precipitate  must  not  be 
confused  with  albumin. 

Lhfa  ttrsi  (also  chimapfu/a)  contains  a  glucosid,  arbutin, 
which  is  ordinarily  excreted  unchanged,  but  is  split  when  it 
comes  into  contact  with  a  catarrhal  mucous  membrane,  with 
the  production  of  hydrochinon,  an  eflficient  antiseptic, 

\3y^\3n\{\J.S.V.,U,V.).—Betir^ny.—T\ic\t:a\'eso\AritoslapAyiptUi^- 
arrn,  EricAcce,  Nortlirra  hemisphere.  Also  cuiitaiiin  cuiiaidenblc  Uiiiiic 
acid. 

J^^ImftuHm  tW  6Vn  (HP.).— 5%.      Dou  :   \$  to  30  c  c  (H'  In  |tw.). 

F.xir.ijtum  Lh'a  Uni  FiniJum  (U.S.P.). — Made  with  two-fifths  alcohol 
and  ihtn^t«fith»glT-ccHn.     Dva :  l.otu4.0L'.c.  {%  lu  1  drncbm). 

Chimsphila  (U.S.P.).— /*(/«jj<-»w  ,■  S'rmt/i  A«^.— The  leaves  of 
Ckitnaphila  ttmbtllata^  Enatcctc.  North  Aracric*.  Also  contains  uanic 
Kiel. 

Kxtrattum  Ckimapkila  Fluidum  (U.S.  P. }.— One-half  alcohol.  Dou  ■  2.o 
to^occ  (^  Ut  2  drachnu). 


rV.  MATERIA  MEDICA  OF  COAKTAR  DISINFECTANTS 

-♦.Aciduin  Carbolicum  (U.S. P.,  B.P.)  {CrhM/nattint).—Carifllif 
And—PktMof.     C,H,OH, 

^^Atidum  Carhetintm  Liqtufactum  (B.F-1. — Ijquefied  Carbolic  Acid: 
saoe  h^  adding  5^  to  lo<t  of  water  to  the  melted  phenol. 

The  OMtt  bnportanl  preparations  are  marked  ^^ 


388 


SERIES  OF  COAL-TAR   DERIVATIVES. 


CH.  XVll. 


Acitintn  Carl--liatm  VrnJutH  {U.S.I'.).— Crude  Carbulic  Acid. 

PrepttrativH  :  Tbecual-tar  seiMniled  In  the  pntceuof  purifyinff  illununiliac 
pis  i-i  siihjcclcd  lo  fmctioTial  HisiilUtion.  The  portion  dit^tillinj;  between  140* 
atiH  33o'>  C.  is  u^ed  for  Carl>i>lic  Acid  ;  i(  rs  trented  with  lo  %  NaOH,  which  dis- 
w>lvc»  the  carl>alic  acid  in  the  form  uf  a  sodium  carbolate,  whilst  the  impimtie* 
remain  insidul>ie.  The  carbolic  ncid  is  llien  precipitated  from  its  tolutUu]  by 
II CI,  and  wiLshed.  1'his  product  siill  cx^ntnins  other  Hib^ances  (eipecially 
cresols),  and  has  a  reddish  color  and  a  very  diwgreeable  od'v.  It  cna§1itn)e* 
the  "Cnule  Carbolic  Acid."  1'his  funiishes  the  pure  by  repeated  fractiooal 
disIillatiDn. 

Hienol  may  also  be  prepared  sytKhetically  from  benao). 

The  UifutJirJ  (arbatU  aeid  is  nUde  by  melfjng  llie  crystals  and  adding  the 
water, 

Propertict :  Carbolic  add,  especially  when  liquefied,  acr|uires  a  reddish 
color,  probably  due  to  traces  of  nit^iallic  impiinlies  from  the  di*itillatiao  vessds. 
tt  can  be  treed  from  this  by  redi^ttillatioa  from  gliu^-apponitui,  but  ibe  color 
\h  really  of  no  importance. 

Pure  carbolic  acid  melts  at  42^  C.  It  !•>  soluble  at  15'  C.  in  15  ports  of 
wntcr.  freely  tcJuble  in  (.llycerin.  Alcohol,  Father,  oils,  etc.  Glycerin  is  the 
most  useful  bolvrnt,  and  ai^ucuuti  sinlulioiis  uf  any  slrength  may  be  moile  by 
adding  a  MifRtienl  quantity  of  glyrenn. 

Th#  crude  ncid  i»  much  le.«  soluble  than  the  pure. 

Carbolic  acid  i^  but  rarely  used  internally,  in  r/fi/of  o.l  Ohl.  largelydilnied, 
as  antipvrrlic  and  intL-stinnI  dixinfrctaiK.  1 1  ix  not  well  ada|)led  for  either  pur- 
pose.    \\A  principal  use  itt  n5  disinfectant. 

For  ciiiin/ecfiMg  instruments  or  hands,  the  saturated  aqueoui  solution  (ooft- 
taining  abont  5  % )  '>■  u^d  ;  for  wanliinjj  wounds,  tlie  JJf  ;  fur  gargles,  loOoiUt 
and  injeaions.  1  % . 

CarlMilii:  acid  acts  scarcely  nt  all  antiscptically  when  in  dly  snlatinn.  But 
carlmlated  oil  and  ointment  an*  usvful  local  ooeslhetics.  deniuU  tnitftou,  tnd 
promote  heating.  An  ointment  rande  from  crude  carbolic  acid  is  still  more 
cfTeclive. 

Tlie  cnule  acid  is  mainly  em|>Ioyr(i  ax  a  cheap  ami  efficient  disinfectant ;  the 
crystAllixcd  acid  is  suiietitncs  employed  as  a  caustic,  especially  in  dental  pliD- 
ticc. 
Preparatieni  : 

Gfycerifym  AeiJi  CirhoUd  (l'.S.r.l  [Gfyt^nitum  AnUt  Carta/.,  B.T.'].—- 
20^.     Useful  for  makJi^  sln>ng  snlulion&. 

^*^UH^rHtum  AaJi  Car&oiiH  (U.S.R.  5?fe)  [B.P.,  4^].— Grade  acid 
may  be  substituted  for  the  pure. 

SupposUoria  Acidi  Oirbis't'ci  (B.P.)  (against  pcnritiu). — I  giiiin. 

*  Olfum  Carhiflisatum. — 5^. 

Tfcthitd  AfitU  Ciff'o.'ui  (B.P.I. — Each  1  grain. 

The  SulphO'Carbolates  arc  neither  as  toxic  nor  as  irritant  as  carbolic  acaL 
Howt-vcr.  tliry  have  also  lo^^t  much  oTitx  antiseptic  effecL  The  aoilium  salt  ii 
aoinelimes  giveti  to  contn>l  inicsttnal  fcrmemntion,  Imt  would  seem  to  be  sur- 
passed br  other  intestinal  antiseptics.  The  cine  Milt  uiay  replace  Ibe  cine  sol- 
phate  ai  astringent. 

5rt//i  SulpSo.:,rl>ohs  fU.SP..  B.P.V— Na50,.CsH,fOH)  +  jH,0.  S.>1 
ubie  in  4  8  water,  I32  alcohol.     Dose:  0.  j  to  2.0  Gm.  i$  lo  30  grs. ). 

^\Z»Mrt  SuifikiKartohi  fB.P.).— Zn(C,HiSO,),  -  H,0.  Freely  vA 
uhle  in  water.  May  be  used  in  solutions  soiucwhai  strooger  than  the  sal- 
phate. 

^•^Creotoium  (U.S.P.,  B.P.),  Crtot^t.-A  mixture  of  phenols,  dueSy 
guatocol  and  creoso),  obtained  during  the  distlMalion  of  wood  tar,  prdetably 
from  the  beech  {Fagut  tyhaticti,  Citpuljrer%;  tetnpemie  <onc).     Solobtlitr; 

•  Not  nfTicial. 

The  UMMt  ifuponaat  preparatjons  are  marked  ,*^ 
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nhle  io  IJO  parU  witer,  fonniog  rather  tarbiJ  solution.     Freely  to  alcohol. 
u :  0.03  to  a  13  ce.  ( 5^  to  2  aiininu),  prefcratil)-  in  capkulu,  on  full  itoouch. 
M«7  be  gntltiAlly  r«ued  to  6  <Uops  if  if  is  well  borne. 

Ufita  Crt^ati  (U.S.P.).— A  I^  solution  in  water.  Dta*  :  4  to  15  cc  (I 
to  4  dradima). 

Mittmra  Owsofi  (B.P.).— >A  0.25^  flavored  watery  bolntion.  Difst :  as  the 
water. 

Umgufutum  Crrt»rn/i  1  HP.).— IO%- 

Thc  inilant  prof>erlic«  of  crrusote  an<l  the  gaitric  derangeineiu  produced  by 
these,  are  importanl  objccliuni^  to  its  uit«  in  diftfa.ie>.  like  ]>liihi>U,  in  which  a 
good  digesluin  lb  perhafK  of  equal  imparlance  lo  puLnuinar}'  nntisepMS.  In  the 
OKteavor  lo  obviate  thi».  a  number  of  preparations  Imve  been  inir<>divced.  I'er- 
bapa  none  of  the«e  are  an  urMiualitinl  9>uccrvt,  (he  least  irritant  being  ^-uiiiatt*/ 
emritmate  (aee  below). 

•  Cr**Mf/,—A  coinbinalion  of  6055  creosote  with  taimin.  The  creo»ote  is 
libervted  only  in  the  inirsiinc  A  hygrutcopii:  |»w<tt^r,  readily  »ulublc  in  water 
or  alcohol.      Dose  r   I  10  y  Gm. 

•  Creetelai  — A  creosote  carboitate.     Thick  oil,  insoluble  in  water.     Dest  : 

J  hi  15  iniiiiuu. 

OH 
«*,  Quaiacolum. — (^•H|<or|l  -     'niiBcon.<ititutes6otogo%  of  creosote. 

A  liqiiitl,  very  Klightljr  soluble  in  water,  freely  in  alcohol.  Dou:  O.I2  to  O.G 
cc.  12  to  lonunims). 

Ten  10  fifteen  drops  of  the  saturated  alcoholic  Mlutiun.  rubbed  for  ten  to 
fi&cen  miaute&  iutu  the  dean  and  dry  skin  of  the  ubdimicn,  act  u&  autipyietic. 
This  octxin  is  not  >.rtn  when  the  drug  is  taken  by  mouth,  perhaps  bccaUM:  it  is 
Dot  ahMirbcd  sufticKiitly. 

^*«  Gtutiaioit  Carh^nat  (Duolah. — A  white  powder,  inM>liible  it)  water. 
D«st :  a  3  to  a^o  Gm.  ( 5  to  30  grs. ). 

,•.  Creaols.  — C^lljv  ...,    '.    Three  i.*oniers  exist  in  creosote.    They  are  at 

OQce  more  antiAcptic  and  less  toxic  than  phenol.  They  are  insoluble  in  water, 
and  are  broufjhi  into  solution  by  Mmp  (Lvv>l,  Creolm,  etci  or  by  alkalies 
(Sulveol,  Siiuit4,  etc.),  and  TricrcMil  (preparation  not  known;  soluble  lo 
2ii  fi  in  water).  They  arc  used  10  1^  to  2^i  solution,  or  in  ^'^  to  io'>. 
otntmenL 

Put  Liquids  (U.S. P..  B.P.)  \Pix  Cartmu  Fnr/^mla,  B  P.].— /-/W--  Tar. 
— An  ■TTunatic  oleore»in  obtaiitea  by  the  destructive  diMilUtiun  of  pine  woods, 
particvUrly  that  of  Pittm  f^u/usirii,  Conifene,  United  SiaicK.  Di*te:  1  10  4 
iim.  ( 3^  K>  t  drachoi;.  Soluble  in  alcuhol  or  oils;  only  partly  in  water  Tar 
eqmiiiai  of  a  mixture  of  rf-iinous  aiid  vntatile  prtnriple^.  When  it  iti  subjected 
to  redisbllation,  it  can  be  xrpamted  into  a  fixed  portion, — pitcli, — conMMittg 
mainly  of  rvj«in  ;  aud  a  volatile  portion  wliich  st-jMinileit  iuto  OtI  fj  Jar 
i^Oirum  Pidj  tJfmJtt,  U-S.P.)  and  |iyroligneou>  (crude  acetic)  acid.  The 
oil  of  tar  cmisists  (tf  variout  coal  inr  ilerivntive^.  nuiinly  t  rrsoU,  tjuoincol, 
i'henot,  Xyksl,  Toluol,  and  Pyrocatechin.  It  alto  contains  meihyl  alcohol 
autd  acetone. 

Tar  if  oaed  tftermatly  as  antiaeplic,  parssiticide,  and  counteitrritant.  in  the 
form  of: 

VrngtmOMm  Putt  IJatada  (U.S.P.,  B.P.)  — SOi^. 

/Htfrn^jih.  it  is  aaed  in  bmnchitis,  like  creosnie,  and  as  an  expectorant, 
most  ui>clully  as: 

.•^.s^-rw/ut  Puit  Li^itLt  \}i.'>.V.'). — Z>t«w:  4  to  15  t.c.  (I  to  4  drachms). 

•  (  \num  Pi.  II.  N.  F. 
Oleum  Cadinum  (U.S.P.,  B.P.)  yOUnm  Jnnipm  EmpyrtHmaUmm). — 

•  Not  oflicial. 

Tbc  moat  importaDl  prepiusliona  ace  ourkcd  «,*^ 
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OH  of  Cade, — The  tar  obtained  from  Junipfrui  axyetiirm,  Conifera;,  Medi- 
terranean.    Used  tsterH%t!h  like  tar,  having  a  less  uuplcasant  odor. 

Acidum  SaUcyliciim'(U.S.K,  ^.\\).~S^ticylic  Add.     HC,HjO,. 

PrtParalkm  :  (_</)  Sjrnilicticallyr  by  tbe  action  of  COj  on  sodium  carboble^ 
*eoording  to  the  cnd-rcacliun  : 

C^II^ONa  4-  CO,  =  C,H.<0»J^j^^ 

This  sodium  salicylate  is  decomposed  by  HCI. 

ib\  From  oil  of  winlergrcen  (methyl  sahcvla(e)  by  saponiBcatioa  with  on 
alkali. 

Ckararters :  A  while,  IiBht,  crysiallinc  jwwiler  or  nec<!Ie*  of  a  sweetish 
taste,  producing  sneezing  when  inhaled.  Soluble  in  450  parts  water  or  2.5 
parts  of  alcohol. 

Uus:  Externally  an  disinfectant  in  moulli- washes,  etc.;  for  destroying 
epideimls,  etc.  (corns) ;  for  preserving  food  substances,  ^  to  6  per  xooo. 
Internally  it  has  been  replaced  by  the  fialicylales. 

UnsuiHtum  Acidi  Salicylui  (B.P.). — %%. 

»%J)Wii  SiUuylas  iaS.P.,  B.P.).— NnC^H,0,.  Soluble  in  0.9  port  of 
water  and  in  6  parts  alcubol.  Doit :  0.3  to  2.0  Om.  (5  to  30  grs. ).  C'saally 
I  Gm.  every  hour  or  two,  di»M>lved  in  abundant  water,  until  relieved.  Tlie 
solutions  »oon  acquire  a  brown  color. 

Lithii  Halicyiat  (LT.S-F.}. — Very  soluble  in  water  and  alcohol.  Dotr :  As 
the  prece<]tng, 

SaUditHfii  (U.S.P.,  B.  P.). — A  glucosid  derived  from  scvetal  species  of 
willow  and  poplai.  Sf/itd/e  in  28  ports  uf  water  or  jo  of  alciiliol.  Dat; 
0.3  to  3.0  Gm.  (5  to  30  grx.). 

Mrtkyi  SalicyhUe  (ClI, .  C-H^Oj)  exists  in  three  forms : 
As  a  synt)icttc  product :  Stftkyl  SalUylai  (U.S.P.). 
A»  the  volatile  oil  of  Befttta  i*nta  ;  Oleum  Betkit  V^4^te  ( U.S,P.  ).— 

Oil  of  Sivctt  Birth. 
As  the   volatile   oil    of    GauUhtria  precumbens;    OUum  GaHMrrir 
(U.S.P.).— 1>("/  of  mntfr^ftH. 

The  dose  of  these  is  0.06  to  o  3  c  c.  ( l  to  $  minimsl.  They  are  less  itri- 
tant  and  disagreeable,  but  also  much  lea  active,  than  the  sodium  salicylate. 

*  Asf'inn,  see  page  371. 

»%  S<ihl  lU.^.P..  B.K)  {Pfienyl  Soticyiate).~}Atidt  by  heating  Salicylic 
acid  with  Phenol  in  the:  prcKOCc  of  rliosphurus  Pentacblorid.  AlmoAt  insoluble 
in  water ;  soluble  in  10  parts  of  aIcoh<d  and  in  fixed  and  volatile  oils.  D«*et 
0.3  to  1.0  Gm.  [5  to  15  ^InsK 

Acidum  BfH-.oicum  (U.S.P.,  Y^.VX—Bemoie  Add.— C^^O^W.  Pre- 
pared by  treatment  of  Toluol  [CjH,CH,)  with  Chlorin  and  heating  with  water 
to  150"  C. ;  or,  by  sublimation  of  Gum  Beneoin.  Soluble  in  380  parts  ii 
wnter  and  2  part*  uf  aUuhul.  Doit:  o.I  to  05  Cm.  (2  to  8  grx.).  Ester 
nally,  as  ointments,  5  to  10%  ;  ns  wash,  I  %  (urith  addition  of  alcohol ). 

Treehisnti  A'i'fi  Bensoid  (B.P. ). — Each  ji  grain. 

Ammtmii  BeMtwj  (U.S.P.,  B.P. ).— NH^XjHjOr  Soluble  in  5  parts 
water  or  38  parts  of  alcohol.     J>oie  :  0.3  to  I  Gm.  (5  to  15  grains). 

(^•^.Va/ii  Benumj  (U-S.P.,  B.P). — Soluble  in  1.8  paru  water  oc  45  parts 
alcohol.     I>f»e.-  0.3  to  1  Gm.  45  tu  15  i^jrainsi. 

Lithit  Rrmoat  (U-S.P.).— Soluble  in  4  parts  water  or  13  parts  alcohol. 
Dcse:  0,3  In  1  Gm,  {J  to  I§  grains). 

The  baKams  are  discussed  in  Chapter  XXIX. 

Methytetu-fitue.^-yi\i\.  slightly  soluble.  Dnse  :  o  13  to  0.5  Gra.  (3  lo  S 
grains).  Largely  tri«i  in  recent  years  as  diuretic  and  parasiticide,  in  malaria, 
neuralgia,  sciatica,  cystitis. 

•Not  official. 

The  most  important  preparations  iie  marked  ^*^ 
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* Pyfiititnifum  Cceiu/eum  {  Methyl  Violet)  >  Extcrnnlly,  ts  rtisinreclnnl,  I  lo 

*PyrJttaniiHm  Aureum  I  Auramin]  /      4  :  10,000,  or  2'fr  uintinrnl. 

•yin,ium  IHcrUum.— Picric  Arit/.—  Tnnitrc/>Afnt^f^  C,H,.(NO,),.OH. 
Frtfiararitm :  Kiiraiion  of  Phenyl -sulphuric  Acid  by  Ninic  Acid,  ^'ellnw 
ojiuUline  pDwdrr  u[  very  bitltr  tasle,  soluble  in  90  [laits  water,  more  readily 
io  alcohol,  llie  wntery  wilutian  stains  oi^nic  sii1>stAni:e&  nn  intense  yellow. 
Now  obsolele  in  medicine. 

Pyroffollol  (U.S.P.)  {Pyrogal/ir  ^ri^).— C,H,(OH),.  Parwillcide,  but 
too  ilangcToas  to  be  asefiil. 

NaphtaUn  (U.  S.  1>.)  and  Naphiol(U.  S.  P.,  B.  P.)!  Almost  insoluble. 
Date .'  O13  to  1.0  Gm.  ^  lo  15  i;niins). 


CHAPTER  XViri. 

FEVER  (HYPERPYREXIA)  AND  BACTERIAL  POISONS. 

I.  PHENOMENA  OF  FEVER. 

FevKR  i»  a  clinical  Ictni  dcnutin);  a  {{^"■^C  "^  pliciiuiuena  lu  wbiclt  belongs 
necewarily  oii  elevation  of  Icmpvralure.  A  part  of  the  other  t)-ni)>tnm.s  ^c^ult 
frofii  this  hypcq>yrcxia,  and  are,  therefore,  common  to  all  fever,*,  An«ithcr 
p«rl  arc  inJepenilenl  uf  this  and  cliaiaclciistic  of  each  I'crcr,  and  ore  probably 
dtu  to  direct  atde'ictioni  of  the  fever- pToducing  agents. 

I.  Phenomena  produced  by  elevation  of  temperature 
as  such;  i\  g.,  when  the  animal  is  kept  in  a  very  warm 
atmosphere  (or  by  heat  stroke).  The  symptoms  beyin  with 
considerable  discomfort;  the  heart  and  respiration  arc  accel- 
erated ;  there  is  muscular  weakness ;  the  animal  becomes 
dull  and  listless,  even  paralytic  ;  the  pulse  becomes  so  rapid 
as  to  be  uncountable;  the  pupils  dilate;  convulsions  may 
occur  just  before  death. 

This  evidently  points  to  stimulation  and  paralysis  of  the 
ccNtral  tun^ous  system. ' 

If  the  heating  is  not  cairied  so  far  as  to  produce  death 
considerable  after-effects  make  themselves  felt,  appearing 
and  persisting  after  the  tenificraturc  has  been  restored  to 

>  Somewhai  similar  ncuie  symptoms  ore  noted  in  ^t^og  when  placed  in 
water  at  36^  C  Al  lirst  the  flniinnl  tjecomcs  very  active  and  swims  sboal 
tapidlv.  The  resf^iratton  is  cndually  quiLkeiied  and  becomea  so dyspoek;  that 
tbc  animal  faiiiy  snaps  for  air.  The  tnox'emeats  become  very  weaK,  and  there 
is  a  tendency  for  the  aniniul  to  float  perpei>dicu1arly.  Il  makes  spasmodic 
cflbrti  to  nveTcocne  this.  A  little  later  it  cannot  turn  when  Inid  on  iis  back, 
and  soon  appcan  entirely  paralyzed.  When  placed  io  water  at  5<*,  it  rctnrsa 
ta  Domkal  tery  rsfudly. 

■  Not  official. 
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normal.  Tlicse  iUl  point  to  dtgemrtUion  of  various  organs, 
showing  clinically  as  various  nervous  disturbances,  emacia- 
tion, and  marasmus.  It  is  claimtrd  tliat  they  have  an  ana- 
tomic inundation  in  fatty  det;eneration  of  tlic  hepatic  and 
renal  epithelium,  and  skeletal  and  cardia  cmuscles.  but  it  is 
not  proved  that  simple  hyperthermia  can  produce  these  de- 
generations. 

CoMifHan  to  ail  clinical  fevers  are  a  ntimber  of  symp- 
toms, both  acute  and  after-effects,  corresponding  in  very 
many  respects  to  the  above — viz..  cardiac  symptoms,  rapid 
heart  and  respiration  ;  degeneration  of  organs.  In  addition 
to  these  are  s)'mptoms  referring  to  the  blood,  metabolism, 
vasomotor  system,  and  alin)entary  canal.  These  tlo  not 
appear  to  be  so  simply  related  to  hyperthermia,  although 
conmion  to  ail  fevers. 

A  more  detailed  study  of  these  changes  may  be  expected 
to  throw  some  lij^ht  upon  the  nature  of  fe\'er  and  upon  the 
manner  of  the  action  of  tlu:  substanci-s  producing  iL 

3.  Phenomena  Common  to  All  Fevers. — Heart:  The 
quickening  docs  nut  occur  i\\  those  animals  in  which  tl>c 
vagus  is  not  tonically  active  (rabbits),  and  is,  therefore,  due 
to  lU'pnssioH  of  the  tintral  vagus  influauc.  As  would  be 
expected  from  this,  diastole  is  relativel)  more  sliortened 
than  systole. 

As  to  the  blood  pressure,  the  statements  are  conflicting. 
It  is  prc)bablc  that  it  is  not  affected  in  the  same  manner 
in  all  cases.  It  will  defiend  partly  upon  the  heart,  which 
must  bf  supposL'd  to  react  differently  in  early  and  late 
stages,  and  besides  may  be  influenced  differently  in  the  suc- 
cessive stages ;  and  partK"  upon  the  condition  of  the  \>aso- 
motor  nivthanism.  The  latter,  again,  is  quite  variable.  In 
certain  stages  of  some  fevers  there  is  a  marked  dilatation  of 
the  cutaneous  vessels,  mainly  central  in  origin,  leading  to 
increased  heat  loss.  In  other  stages  this  is  con.spicuously 
absent. 

In  addition  to  this  central  influence,  bacterial  poisons  pro- 
duce i^fcr/fr  va.somotor  paralysis;  e.g.,  cholera  in  the  in- 
testinal vessels,  scarlatina  in  the  skin,  etc. 

Respiration:  This  is  quickened  in  all  fevers.  Sometimes 
it  is  more  shallow,  sometimes  deeper  than  normal.  The 
respiratory  fxchangt'  will  follow  this  fairly  closely.  It  is  in- 
creased in  the  eariier,  diminished  in  the  later,  stages.  It  is 
at  no  time  the  cause   of  increased   heat   production,  and 
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depends  lai^ely  upon  the  amount  of  muscular  movement 
on  the  part  of  the  patient.  The  respiratory  quotient  ( ^) 
of  the  fever  patient  is  low,  but  this  is  in  part  accounted  for 
by  the  increased  secretion  i-ii  CO,  in  the  urine  ;  this,  in  turn, 
is  due  to  it?  larger  jxrocntayc  of  NH^. 

Nitrogen  Metabolism  :  The  nitrogen  excretion  is  always 
greater  than  with  the  normal  individual  on  the  same  N-in- 
comc.  So  much  so,  that  it  is  sufficient  to  account  for  the 
increased  heat  production.  It  varies  ipiantitativcly  as  die 
latter.  Tlie  urea,  uric  acid.  P,0,.  SO,,  and  K  all  partake  in 
tiiis  increase;  consei|uent!y  there  must  l)c  increased  metabol- 
ism of  cellular,  as  well  as  of  circulating,  protcids.  This 
is  evidently  not  caused  by  the  rise  in  temperature,  since  it 
begins  before  and  |)ersists  after  this  rise. 

Furlfact,  in  certain  diseases,  as  tubcrtruknis,  the  metabolitm  is  tiitcb.  bul 
the  trmfierntaTe  reiiiaiti8  mirnisl  ;  nnr  <lit  c<>l<l  batliH,  E|iiiriin.  or  !inlii~ylit(c!i^ 
whicti  lijwci  the  tciDix-inturr —affect  (be  meiaboliMn  tu  a  proportumRie  extent 
It  14,  buwevcr,  cunccivablc  that  a  iinc  in  icinpcraiuic  may  of  iiM;lf  cause  a 
aoull  increase  of  N  R)cialx>lisiii,  Init  »iic  wduIcI  exi>rci  (hi>  to  show  toainly  in 
C  iiiet»bo]t»Ri,  which,  a*  has  heen  >tB(e«i.  i*  tvot  greatly  increase*! 

If  inunuiuty  becomes  citabli>lic<l  as  the  result  uf  luxitt  injeLtiuns,  the  N 
increA>e  becomes  mdhIIct  am)  smaller  after  t-jich  injection.  The  P,0|  of  the 
urine  is  lirully  even  i/ifumnktj  on  toxin  injeclioo. 

The  quantit>-  of  urine  is  aficctcd  only  sccomlarily  through 
tlie  circulation  and  through  degeneration  of  the  cells.  The 
NaCI  is  diminished  on  account  o(  tlie  lessened  amount  of 
food.  Its  molecular  concentration  is  kept  near  normal  by 
an  increased  content  of  nitrogenous  molecules.  The  kidney 
cells,  as  well  as  those  of  the  other  glands  and  muscles,  ex- 
hibit a  clouily  swelling,  perhaps  a  transitory  stage  to  de- 
generation. 

It  is  perhaps  in  consequence  of  this  degeneration  that  the 
digestive  steretiom  are  greatly  diminished.  This  involves 
the  saliva,  gastric  juice,  and  bile.  In  consequence  there  js 
anorexia.  The  s-^vint  glands  seem  to  be  influenced  more 
largely  by  the  circulator}'  conditions. 

In  consequence  of  the  lessened  ixicome  and  greater  ex- 
penditure, there  is  a  wasting  of  the  body  fat  anti  protcids. 
The  alkttHnity  of  the  blood  is  diminished. 

The  Central  Nervous  System :  This  is  affected  by  a 
mixed  stimuUtion  and  paralysis.  Physical  evidences  of  this 
arc  seen  in  the  circulation  and  respiration.  The  intellect  is 
disordered — at  times  overactive  to  delirium  ;  at  others,  or 
Utcr  in  the  sajne  case,  depressed  to  narcosis.     The  spinal 
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cord  is  also  involved,  as  is  shown  by  lessened  reflexes  and 
incontinence. 

The  most  prominent,  however,  of  the  nervous  actions 
seems  to  be  the  involvement  of  tlie  temperature  center. 
Tliis  plays  a  very  prominent  role  in  every  case  of  fever. 
There  are,  perhaps,  several  of  these  centers,  but  the  principal 
one  is  situated  in  the  corpus  striatum.  It  may  be  stimulated 
directly  by  punctun',  and  will  then  cause  a  rise  of  tempera- 
ture, primarily  by  increasing  the  heat  production.  At  the 
same  time  tlie  power  of  adjustment,  which  would  normally 
cause  an  increase  of  heat  loss,  is  lessened.  The  same  is  true 
of  most  ft'vcrs.  While  btith  heat  production  and  dissipation 
are  affected  in  relatively  different  degrees  in  various  fevers, 
the  first  effect  is  usually  the  increase  of  heat  production. 

The  phenomena  of  fever  may,  therefore,  be  summarized 
as  follows  : 

1.  Disturbances  in  the  central  nervous  system,  most  con- 
spicuous in  the  thermogenetic  center. 

2.  Cell  destruction,  finding  its  expression  in  the  degener- 
ation of  gland  and  muscle  cells,  and  in  increased  N  metabol- 
ism. 

II.  CAUSATION  OF  FEVER. 

Hyperpyrexia  may  be  caused : 

I.  By  exposure  of  the  animal  to  excessive  eztemai 
heat,  of  such  amount  or  under  such  conditions  that  the 
mechanism  of  heat  regulation  becomes  inadequate  In  the 
same  manner,  by  excessive  muscular  exercise. 

3.  Hy  certain  Qon-proteid  drugs. 

{li)  Cotn-ulsants  (see  page  195),  on  the  same  conditions 
as  by  other  muscular  exercise. 

((5)  Specific  stimulation  of  the  ikermogcnetic  center.  Rather 
feeble  examples  of  this  are  atropin  and  cocain.  A  vcrj' 
powerful  one  is  1*  tetrahydronaphthylamin  ;  45  mg.  per  kilo 
rai.ses  the  temperature  of  a  rabbit  4**  C.  in  i  ^  hours,  and 
this  without  increasing  the  movements. 

3,  By  introduction  into  the  circulation  of  certain  pro- 
teids.  It  IS  indifferent  for  this  whether  the  protcids  arc 
introduced  by  injection,  ox  formed  in  situ  hy  bacteria,  or  by 
the  destnution  of  cells,  the  last  by  bacteria  or  from  other 
causes. 

The  injeciion  of  mutcte  txtrart  and  (^her  firoreii/s,  bat  partUttlarly  of  m&m- 
m9sti.  and  still  more  of  trtu  f^ottfi,  gives  riM  in  ihe  production  of  fcvvr. 
The  abiorptim  cf  unconvrrttd  digestivt  produtts  wxcMtnta,  perhaps,  u  has  been 
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sug^eMed,  for  tht  aseptic  fever  sometiines  seen  as  the  tesult  of  diet  tco  rich  in 
pri>tei<J^  When  one  cotuidcrs  the  prevalence  of  proitolytie  ftrmtiUt  in  the 
Ixxly,  it  U  not  inctHicetrable  (hat  these  may  lead  m  the  production  of  fever 
under  proper  conditions.  Urint  also  contains  pyrugenctic  substances,  atthcugh 
generally  nuD-ptoteid. 

Any  proceu  which  leads  to  the  breaking-down  of  cells,  such  as  /atiguff 
txkauihon^  malaria,  etc, ,  may  give  rise  to  fever. 

The  decempositien  ef  the  mtatinal  faHttntt  also  gives  rise  to  a  number  of 
substanon  the  abnorption  uf  which  in  ob«tnictton  causes  fever,  but  these  have 
never  beea  isolated. 

The  production  of  proteolytic  ferments  l.s  very  character- 
istic of  the  liquefying  bacUria,  and  much  of  the  I'evcr-pro- 
ducmg  effects  may  be  attributed  to  tlieir  digestive  action  on 
the  body  cells.  However,  the  hodifs  of  the  bactcna  them- 
selves, both  the  pathogenic  and  non-pathogenic  varieties, 
contain  a  substance  {pyrotoxiii)  possessing  extremely  power- 
ful pyrogenetic  quahtics,  and  the  same  or  a  simitar  substance 
is  contained  in  yeast  ceUs.  It  has  not  been  demonstrated, 
however,  that  tliis  is  an  albumosc. 

It  i«  teen  that  the  pr<M)uc1»  of  cril  destruction  have  the  power  of  stimula- 
ting liie  thennogenelic  ceiitri,  lhi^,  A|{niii,  pTOtlucin^  iiicieaMrdcell  dcitiuctiun. 
The  dispute,  which  of  the  (*i>  i*  the  primary  tausc  of  the  fever,  seems, 
therefore,  nol  to  have  much  object.      The  two  are  evidently  interacting. 

Certain  inurgxnic  {kmhiiis,  as  AgNO,  or  iudin,  also  iccrn  lo  uui»e  fever 
indirectly,  by  leading  to  the  breaking-down  of  [n-uteids ;  al  IcJist,  their  injec- 
bon  causes  the  appearance  of  albumoH^  in  the  urine. 


m.  ORIGIN  OF  BACTERIAL  POISONS. 
The  discovery  of  highly  toxic  substances  in  the  culture 
liquids  of  many  bactcna,  especially  those  of  diphtheria  and 
tetanus,  and  the  recognition  that  the  phenomena  of  these 
diseases  depended  in  greatest  part  upon  the  formation  of 
these  toxins,  led  to  the  idea  that  the  toxic  principles  of  all 
bacterial  infections  might  be  similarly  isolated,  a  view  ad- 
vanced in  this  country  particularly  by  Vaughan.  Further 
investigation  showed,  however,  tliat  the  modus  njjcrandi  of 
many  bacteria  is  not  so  simple  ;  that  the  furmalicn  of  tlicsc 
isolable  toxins  is  characteristic  of  only  a  few.  Without 
their  isolation  in  active,  though  perhaps  impure  form,  tlicir 
presence  cannot  be  asserted.  Kvcry  s|x;cics  must,  there- 
fore, be  studied  by  itself. 

Thna,  with  the  cholera,  typhoid,  and  streptococcus  organisms,  the  toxicity 
of  ibe  geno-free  culture  Ii<[uids  'v-  comparatively  Mimll.  They  du  not,  there- 
Ibrp.  mrtrain  soluble  tovini.  Nor  are  (he  dead  bodies  of  these  bacteria 
espevinlly  I'l'xic.  It  cannot,  therefore,  he  assumed  that  toxin  exists  preformed 
in  the  Nwlir^  of  the&e  bacteria.  But,  on  the  other  hand,  ihe  general  picture  of 
thoe  infections  resembles  toxin- poi»oning  so  closely  that  one  is  altoost  forced  lo 
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conclude  that  (he  presence  of  ihexe  bacteria  in  the  bodv  f;etienle9  tome  i 
It  cnniiot  be  decided  at  pre*rnt  whether  il  should  be  aMiimed  \  1 1  that  tbr  i 
nistft  prcfurmed  u  a  inuther  tub&taiicr  sod  is  liberaled   from  l)>r  bactrna 
their  dtfstnicticin  in  the  budy,  aa  is  pcHiaps  pyrotoxtn  ;  or  ^3 )  that  the  bairteriftl 
generate  the  puiwn  only  in  rotnbnt  with  the  UmIv  cells  ;  or  tjt  tlial  tJie  puisoa 
is  active  otily  in  the  lUKent  slate;  or  Ut  t^o<  '*  >^  formed  oot  hr  tiocieha.  !>« 
by  the  Ixidy  itirif  in  its  reaciion  ogninst   t)ie  invasion.     Il  is,  indeed,  voy 
prob&ble  that  all   these  are  represenled  in  ditfereul  bacleria. 


!V.  CHEMISTRY  OF  BACTERIAL  PRODUCTS  AND  OTHERJ 
ANIMAL  AND  VEGETABLE  TOXINS. 

This  somewhat  heterogeneous  collection  of  nitrogenous 
poisons  is  usually  maiie  to  include  the  following  : 

1.  Ptomains:  (Putrefactive  alkaloids.)  Thesearc  "  or- 
ganic bases  funned  by  the  action  of  bacteria  on  nitrogenous 

matter. ' ' 

Tlic  majority  are  oxj^o-free.  containiDg  C,  H,  and  N,  and  are,  in  (act, 
H 

amins  (fonned  on  tlie  type  H  —  N  —  H).     In  their  cbemic  trhatactcn  they 

II 

do  not  difler  esMniiAlly  frcm  these  or  froin  alkaloids.  Many  do  not  po9$e« 
any  marked  ptiyjiiologic  properties.  The  rest  beloug  for  the  mtM  port  to  the 
series  of  atropin  to  phy^<>stigmin,  and  were  briefly  treated  nndcr  meat-pniMms. 
Th^  arc  most  unstable.  Tliey  arc  unly  formed  under  certain  conditioiu;  a 
certain  amount  of  oxygen  in  iitceuary  to  their  funnaliun,  yet  they  arc  eiuen* 
tiftlly  reduction  product^  and  a  t(x>  litK-ral  nmaunl  of  oxygen  results  in  the  pTO>l 
duclion  of  non-toxic  compounds,  often  of  NH,,  CO^  and  H,0.  Thejr  app 
early  in  putrefaction  and  di»np[iear  if  ihift  is  long  continued. 

Their  innin  importance  atites  from  their  similarity  to  nikaloida  in  cbraiic 
and  physiologic  reactions.  They  may  be  oswiincd  to  be  re«punsible  for  : 
legul  murden^  No  one  defmilt:  fenture  cxibia  to  difiiingui<ih  them  from  alk 
lends,  and  the  piewiicc  nf  tlie  latlet  can  be  affirmed  with  certainly  only  whea 
the  sympinms  and  the  phyjioU^c  and  cheniic  examinations  «//  justify  the 
same  coiiclu.>inn. 

2.  Leucomains :  "  Basic  substances  which  result  from 
tissue  metabolism  inside  the  animal  body." 

The  three  chcmic  classes  of  which  they  consist  arc 
enumerated  on  page  187. 

The  xanthic  (alloxuric)  class  bL-lont;s  pharmacologically 
to  the  caflein  group  ;  the  ne\  rinic  to  the  inuscarin  group. 

3.  Tozalbumins :   Hoisons  possessing  the  chemic  char- 
acter of  prottads.      These  include  some   bacterial    poisons,j 
snake  venom,  and  certain  vegetable  poisons  behaving  like' 
enzymes. 

The  scrum  of  all  animals  conttins  substances  toxic  to 
other  spedta  and  de.stroying  their  bltx>d-corpuscles.  These 
substances  are  destroyed  by  heating  to  beginning  turbidity 
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(55*  to  60°),  but  nothing  further  is  known  about  their 
nature, 

4.  Tozlns :  Bacterial  poisons  not  belonging  to  any  of 
tite  above  groups. 

The  last  two  classes  may  possibly  act  after  the  manner 
of  enzymes.  They  are  largely  destroyed  by  ferments  (but 
not  all  to  the  same  extent).  They  arc.  therefore,  compara- 
tively inactive  when  taken  by  the  mouth.  The  greater  part 
are  also  destroyed  by  moderate  heat 

tt  mil  be  «<cn  Ihiit  the  toxic  properties  of  pTOteids  appear  intimnlely  con- 
n<K:tf(i  witJi  t))e  ftoitn  group  »r  iheir  molecule  :  All  the  itauc  ptoducuire  nitr»- 
geoaas,  «iul  unuily  show  aii  aiuin  slructure.  Aiuiua  ore  chemically  very 
dotdjr  ralsltd  to  ibc  very  toxic  HCN.  It  luu  beeo  miui<  (tut  that  the  combt- 
luuion  of  HCN  with  phenol  deMlmys  its  action  ;  and  thr  thei^n-  has  been  ad- 
vanc«M)  that  the  living  profj^Iusm  coruisu  of  such  a  cooibinalion  of  amids  and 
uotnatk  btxlies  which  is  lin>keo  op  by  bactenu,  etc.,  reMiltiitg  in  a  lib«raliou 
of  these  toxic  amidic  tkodie*. 


V.  ANTITOXINS. 

One  ofthe  most  striking  characteristics  of  toxalbumins  and 
toxins  is  that  they  arc  destroyed  by  specific  "  antitoxic  "  sub- 
stances formed  within  the  body  as  a  rt:sult  of  their  own  action. 

Such  an  antitoxic  power  appears  to  be  responsible  for  the 
immunit}'  uf  animals  to  injections  o(  st-rum  of  the  same  spe- 
cies. This  antitoxic  power  appears  in  all  cases  to  be  tied  to 
the  serum,  and  the  injectiun  of  antitoxic  serum  immunizes 
an  animal  until  the  antitoxin  is  destroyed  or  excreted.  This 
furnishes  the  basis  of  serum  therapy.  The  serum  must  be 
injected  either  subcutaneously  or  intravenously,  since  the 
antitoxic  power  is  destroyed  by  digestion.  Immunity  of 
this  kind  is  <fuife  short,  lasting  only  as  long  as  the  injected 
antitoxin  persists — at  mo.'Jt.  a  few  weeks.  Very  little  is 
known  about  the  ihcmic miture  of  these  antitoxic  substances. 
The  onl)'  one  which  has  been  studied  to  anj'  extent  is  that 
of  iiipkihtria.  This  is  cither  a  globulin,  identical  in  most 
of  its  characters  with  the  ordinary  serum  globulin,  or,  at 
least,  it  follows  this  very  clustly  in  its  reactions  (precipita- 
tion by  salts,  etc.).  It  i.s,  indeed,  not  unlikely  that  "anti- 
toxin "  is  merely  a  property  developed  in  these  scrum  glob- 
ulins, rather  tiian  a  distinct  chemic  compound.' 

^  The  protective  power  of  blood-serum  (o  certain  poi!>ons  destroying  the 
erythrocytes  (aulamii.  bee  poisons,  etc.  •  appeaa  lu  be  due  }utrtly  to  its  pbtM* 
phales.  p«rl1y  lo  its  protcids.  This  immunixing  action  may  also  be  nil«cd  by 
in>ectK>o  of  the  louc  principles,  but  thi&  protection  vn  probftbly  of  quite  a 
diCereol  type  trom  that  produced  by  antitujiini  as  ordinarily  underKtood. 
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As  little  is  known  about  the  manner  or  seat  of  their  pro- 
duction. 

The  diphihertt  antitoxin  exists  in  much  uoaller  amouiiU  id  or]^iu  than  io 
serous  fluitU,  so  tliat  it  would  scciu  to  either  ariK  iii  the  bluud  itself,  or  1o  exitf  j 
In  cells  in  the  funn  of  n  molfaer-subalancc.     Fever  neither  f>ror»  nor  dclif 
ibeir  fornution. 

They  are  specific, — i.e.,  they  protect  only  against  one, 
toxin  or  organism,  *  and  are  for  the  most  part  produced 
reactions  of  the  body  against  tliat  organism,  although  they^ 
sometimes  exist  to  a  small  extent  in  the  normal  animal. 

The  minua)  rc-sisianci"  nf  nniiiiaU  H(«?*  nnl,  hnwrvrr,  usually  depend  u|)Ottl 
antttosjii^i,  but  on  ouotliercla-isof  substiiiceii.  Nor  can  it  be  said  that  the  im-J 
niunity  is  prapottiomil  to  the  amount  of  antitoxin  fonned  in  Ihc  blood.  Ve  _ 
often  an  animal  may  yield  a  serum  very  nt;h  in  anlilosin,  and  yet  succunib  ia>1 
the  disease,  and  vice  versa. 

When  produced  as  the  result  of  injection  of  the  toxic 
substance,  the  immunit>'  is  much  more  lasting  than  when 
produceil  by  the  injection  of  antitoxin.  This  may  perhaps 
be  explained  b}'  assuming  that  they  are  produced  inside  the 
cells,  and  thus  arc  slower  in  reaching  the  circulation  and  inf 
being  destroyed. 

Ebiticb  has  advanced  a  number  of  brilliant  AyfvfAn^s/o  ar<aint  for  ikt 
phdicmcHa  of  anliloxic  actii^ti.  However  templing  these  may  appear,  bow*J 
ever  useful  they  are  as  worlcinR  iheorics,  one  must  not  forget  that  they  nm^ 
entirely  upon  speculative  groundti.  He  supposes  the  toxins  to  act  only  upon 
a  certain  jwrt,  a  **  side  chaiD,"  of  the  cell  complex,  destroying  this  with>iul 
orclinnrily  destroying  the  cell  Itself.  Tbc  latter  is  ihcn  able  to  repmdncc  the 
destpiyed  part  Tliniugh  this  constant  exercise  in  the  formatioo  of  tlie  side 
chain,  the  c*;ll!t  anive  at  a  condition  where  they  fDtm  it  in  excess,  and  tliis 
exce^'  enters  into  the  s«ium  and  imparts  to  it  its  antitoxic  powers. 

From  the  fact  that  certain  cultures  of  bacteria  are  stronger  in  toxic  power, 
others  in  pro<Iucing  aniiluxin,  he  asisnmcs  that  a  (oxin  molecule  itself  u  coo* 
stitnied  of  two  graup»^,  having  these  actions  respectively. 

The  antitoxins  proper,  those  which  have  thus  far  been 
considered,  act  by  dcstrortrifr  the  toxin.  Whether  the>*  do 
so  directly» — /.  <*..  act  chemically, — or  whether  they  act 
physiologically  by  increasing  the  destroying  power  of  the 
body  cells,  cannot  be  at  present  decided.  The  bulk  of 
the  evidence  is  in  fax'or  of  a  chcmic  action.  They  have 
no  direct  effect  upon  bacteria.  Indirectly,  however,  they 
eventually  lead  to  the  destruction  of  the  micro-organisms  ; 
for,  when  tlie  weapons  of  bacteria  are  destroyed,  the  bacteria 
themselves  soon  fall  prey  to  the  phagoc>tal  and  germicidal 
mechanisms  of  the  body. 

'  This  does  not  hnld  true  absolutely  :  an  antitoxin  may  be  to  some  extent 
efiiBCtive  against  other  toxins  than  those  of  the  disease  which  has  ^ven  rise  to  iL 
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Besides  the  antitoxic  properties,  the  serum  and  cells  also 
^ssGss  direct  germicidal  powers.  The  latter  are  quite  dis- 
tinct from  the  former.  Heating  the  serum  to  55°,  e.g.,  will 
destroy  the  latter,  but  not  the  former.  There  is  a  general 
germicidal  power  possessed  by  all  animals,  and  eflfective  to 
some  extent  against  all  bacteria.  There  is  also  a  specific 
germicidal  power  developed  like  the  antitoxin  in  the  organs 
struggling  against  the  special  bacteria.  This  exists,  e.g., 
in  typhoid,  cholera,  and  streptococcus  infection.  The 
agglutinating  power  of  typhoid  serum  for  typhoid  bacteria, 
an  instance  of  germicidal  action,  is  made  use  of  in  diagnosis. 

This    much    seems    certain  :    that  the  immunizing  sub- 
stance is  developed  as  a  result  of  the  successful  struggle 
of  the  animal  against  the  bacteria  or  their  toxins. 
hnmunity  may  be  obtained  : 

(a)  By  one  attack  of  the  disease. 

\b)  By  inoculation  of  the  attenuated  cultures  or  by  very 
small  quantities  of  the  virulent  cultures. 

(c)  By  inoculation  of  sterilized  cultures  (r.  e.,  toxins  in 
sublethal  doses). 

(d)  Therapeutically  the  result  is  usually  more  satisfac- 
tory and  less  dangerous,  but  less  lasting,  if  the  antitoxic 
serum  is  injected.  These  injections  are  usually  made  into 
regions  of  loose  cellular  tissue — the  space  between  the 
scapulx ;  the  inner  aspect  of  the  thighs ;  into  the  gluteal 
muscles.  If  aseptic,  they  present  no  danger  or  deleterious 
effect  in  the  quantity  in  which  they  are  employed,  beyond 
occasional  exanthemata.  The  following  are  in  use  at  pres- 
ent (Table  XV,  pp.  400  and  401) : 
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VL  THE  PHARMACOLOGIC  ACTION  OF  BACTERIAL 
POISONS. 

Bacierial  nnd  similar  poi-wos  do  not  differ  mnttfrially  in  Iheir  ininner  of 
action  fiom  (illu'r  poi)«nn5.  CcrUiiit  fealurps — (br  itt^slmitibilily  liy  heal  am) 
bjr  fcmicnts ;  their  conslam  formiihon  by  bncleria  and  in  (xin>ciiuctKe  iheir 
long-cuiitinuctl  action  ;  llit-  aruiralizaiion  by  antiioxiib.;  ibe  incubation  (Khud: 
in  ceilitin  cases  a  femirnl-liki.-  action,  etc. — ate  all  m>  |>Tontinciil  a^  In  imprint 
a  distinctive  charncteT  on  lliese  intoxicaiionii  hut  annlogieii  of  all  these 
actions  may  be  found  anwng  other  poiMns,  and  lhe.'«  phannAcolof^ic  onalo^ei 
an*  of  impurtJince  to  an  untlrrBlandiiit;  of  tlir  nature  of  infectiinia  [in>ceA»efc 
For  this  reason  the  subject  is  ukcn  up  in  thitt  tnmtiw.  so  f»r  as  It  has  hrra 
studied  phannacologically.  As  yei,  this  field  of  invefligiiion  bu  Dot  been 
ciillivut<:'d  a&  exten»ivety  as  itK  tin[Minance  would  teem  tn  juitify. 


The  details  of  the  actions  of  these  poisons  are  quite 
variable.  On  the  whole,  however,  ther  consist  in  iocal  ir-ri- 
/ation,  and,  less  conspicuonsly,  in  a  thangi'  in  (he  central  ner- 
vous system.  Their  action  is  perhaps  most  closely  related 
to  that  of  the  supotoxins  (sec  Chap.  XXHl,  \V). 

The  local  changes  consist  in  the  usual  phenomena  of  in- 
flammation : 

1.  A  dilatation  of  the  capillaries,  leading  first  to  hy- 
peremia, then  to  stasis,  effusion  (jf  scrum,  and  transmigra- 
tion of  leucocytes  and  red  bluod-cells,  with  or  without  rup- 
ture of  the  capillary  wall-s.  The  blood  inside  of  the  vcs.scls 
of  the  inflamed  area  is  frequently  altered  by  the  destruction 
of  the  red  corpuscles  hy  tlu^ir  agglutination,  or  by  the 
formation  uf  tlirombi.  The  latter  arc  frequently  carried  to 
other  organs, — [Wi-ticidarly  the  central  nervous  system, — 
and  these  emboli  produce  secondary  degenerations  and 
infections. 

2.  Necrosis. — This  may  be  due  to  the  direct  toxicity  of 
the  poisons  to  the  protoplasm,  to  the  interference  with 
circulation  as  the  result  of  the  violent  inflammation,  or  to 
embolism.  In  the  latter  case  it  is  u.sually  focal  ;  in  the 
former,  diffuse.  The  narcosis  has  the  ordinary  characters, 
and  is  at  first  cloudy,  then  fatty,  hyaline,  cheesy,  etc. 

3.  Liquefaction  of  Tissue. — This  is  trHccted  by  the  bac- 
teria producing  proteolytic  ferments — ;.  f.,the  various  pus 
organisms. 

4.  Connective-tissue  Proliferation. — This  is  the  usual 
result  of  slow  inflammatory  processes,  but  occurs  also  in 
resolution. 

The  clinical  phenomena  produced  by  bacterial  irritation 
vary  considerably  witli  the  seat  of  infection.  This  depends 
upMi: 
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1.  Specific  predilection  of  the  micro-organisms  for  certain 
situatiun^i. 

2.  The  establishment  of  bacterial  foci  as  tJie  result  of  em- 
bolism, or  at  the  accidental  portal  of  entry,  etc. 

3.  Rcsistatice  of  tlie  |>arts.  In  this  connection  injury, 
etc.,  is  of  injportancc. 

4.  Conccntrabon  of  the  toxin.  On  this  account  the  skin, 
kidneys,  and  iiver  are  most  frequently  affected. 

Complicated  as  are  the  details  of  infcctiou.s  diseases, 
they  may  be  arranged  under  a  tew  general  headings,  as  fol- 
lows: 

I.  Cutaneous  Irritation  from  Local  Infection. — The  skin 
is  usually  the  seat  of  bacteria  which  cannot  fight  the  oi^an- 
ism.     The  phenomena  may  consist  in  ; 
Rubefaction  :  scarlatina. 
Edema  :  bee.  spider,  snake,  etc. 
Solution  of  tissue  and   pus  formation  :  by  various 
pus  organisms — stiphylococci.   streptococci,  etc. 

The  solution  of  lit>ue  csu>eil  by  the  streptococcus  has  been  utlliied  for  (he 
destroction  of  ^tbolugic  fonnalUiru,  esiiecmlly  Hinx>mata. 

X  Cutaneous  Irritation  from  General  Infection. — This 
is  ■5ccn  esfK'cially  in  cxanthematnns  diseases.  I'he  variety 
of  forms  which  this  irritation  may  take  in  such  a  compli- 
cated or^an  as  the  skiti.  and  the  constancy  of  tyi>e  which  is 
preserved  in  each  particular  infection,  are  very  remarkable. 
Whcllter  they  are  due  to  the  excretion  of  a  toxin  through 
the  cutaneous  glands,  or  to  va.somotor  paralysis,  or  to  the 
cstjblishment  of  bacterial  foci  in  these  situations,  is  not 
dccidcil.      Perhaps  all  pla\*  a  part. 

3.  Inflammation  of  Mucous  Membranes.— The  phe- 
nomena liere  are  much  the  same  as  in  the  skin,  except  that 
there  is,  in  addition,  rh  excessive  formation  of  mucus;  /.  f., 
catarrh.  The  mucous  membranes  are  capable  of  infection 
by  almost  any  pathogenic  organisms ;  e.  x*  diphtheria, 
scarlatina,  pus  organisms,  etc. 

4.  Irritation  of  Other  Organs. — This  falls  geneiTilly 
upon  kidneys,  liver,  cardiac  and  skeletal  muscle,  lymph 
glands,  spleen.  |)eripheral  nerves,  alimentaiy  canal,  and 
joints  ;  in  the  order  as  given. 

It  may  be  focal  or  diffuse.  The  latter  is  purely  a  toxic 
eflcct;  the  former  may  be  purely  bacterial  or  due  to  the 
cutting-oflf  of  the  circtdation  through  embolism. 
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Kidney :  The  result  is  nephritis;  at  first  parenchymatous, 
later  interstitial.  It  is  generally  difTiise,  and  presumably  due 
to  the  excretion  of  irritant  toxins,  since  the  kidneys  are  fre- 
quently sterile.  It  may  be  seen  in  a  number  of  infections, 
but  is  most  conspicuous  in  scarlatina,  diphtheria,  cholera, 
typhoid,  etc. 

Liref :  (ienerally  focal;  ^.  ^.,  malaria,  typhoid.  The 
epithelium  degenerates  and  the  connective  tissue  prolifer- 
ates.    There  is  a  peculiar  affection  in  yellow  fever. 

Carduu  and  Skeletal  Museles :  These  are  affected  by 
many  toxins.  The  most  typical  toxin  in  tliis  respect  is  that 
of  diphtheria. 

The  injection  of  diphtheria  toxin  causes  acute  functional 
depression  of  the  iieart.  This  occurs  comparatively  late — u(., 
wlien  the  toxin  has  already  disap|>£:ared  from  the  blood ; 
the  explanation  bein^  that  it  is  then  fixed  in  the  cells. 

Lvniph  Glands  and  Spleen :  These  show  changes  of  the 
same  type  as  in  the  case  of  the  liver.  Typhoid  toxin 
stimulates  in  particular  the  production  of  leucocyte.s  and  of 
the  endothelium  of  blood  and  lymph  vessels — probably  not 
tiiat  of  fibrous  tissue. 

Peripheral  Nettri/is :  This  is  seen  most  frequently  in 
paralysis  from  diphtheria  antl  scarlet  fever.  It  is  most 
striking  in  tlie  tropical  disease,  beriberi,  and  a  very  chronic 
change  is  seen  in  leprosy.  The  muscular  pains  noted  in 
many  acute  infections — **.  ^.,  influenza — are  perhaps  neuritic. 

Alimentary  Canal:  This  is  frequently  alTected  as  the  por- 
tal of  entry.  Certain  organisms,  however,  seem  to  possess 
a  predilection  for  it,  such  as  those  of  cholera,  typhoid,  coli 
communis,  and  yellow  fever. 

Respiratory  Organs  :  These  are  especially  subject  to  the 
infections  by  tuberculosis  and  pneumococcus,  although 
many  others  may  lodge  there. 

The  Joints  arc  .specifically  affected  in  rheumatism  and 
gonococcus  infection. 

If  the  inflammatory  process  is  a  slow  and  chronic  one,  it 
leads  to  a  more  pronounced  con necti\'f -tissue  proliferation 
'rather  than  a  direct  tissue  necrosis.  This  is  seen  in  tuber- 
culosis, syphilis,  etc. 

5.  Red  Blood -corpuscles. — These  are  affected  either  in 
the  way  of :  {a)  Lakin^^  or  destruction,     {b)  Agglutination. 

{a)  Laking :  This  is  a  phenomenon  seen  with  many  pro- 
toplasmic poisons  ;   saponins,  solanin.  etc.;  also  bite  add 
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AsH,,  water,  or  hypoisotonic  solutions  of  salts,  hydrocar- 
bons, heat.  etc. 

Of  the  present  poisons  this  propcrt>'  is  possessed  particu- 
larly by  animal  toxalbuntins.  as  blood-serum  of  a  foreij^n 
species  (particularly  carnivorous  for  herbivdrous  animals  ; 

I  most  violent  in  eels'  serum).     Solution  of  corpuscles  is  also 
a  prominent  projierty  of  bee  poison,  snake  venom,  etc. 
Agglutination — /.  (•.,  the  clumping  of  blood-corpuscles — 
is  5h<nvn  by  ricin  and  abrin. 
Bacteria  themselves  are  also  agglutinated  more  or  less 
specifically  by  \'arious  substances,  and  especially  by  scrum. 
This  docs  not  seem  to  be  concerned  with  immunity. 
The  change  in  the  blood  leading  to  intravascular  clotting 
as  produced  by  certain  nucleins,  or  the  diminution  of  co- 
agulability as  produced  by  albumoses,  may  also  be  men- 
tioned under  this  heading. 

6.  Central  Nervous  System. — The  eflects  on  the  central 
nervous  system  are  due  larj^ely  to  liyperpyrexia,  lo  the  dis- 
turbed circulation,  to  the  prnductiun  of  embolism,  etc.  In 
adilib'on  to  this,  however,  a  numl>er  of  toxins  have  undoubt- 
edly a  direct  action  on  the  nerve-centurs.  This  is  (>er)iaps 
most  conspicuous  In  the  stimulation  of  the  cord  produced 
by  tetanus  and  hydrophobia.  Pertussis  is  also  a  spasmodic 
aflTeclion  which  must  be  due  to  a  specific  irritation. 

The  <ffi'cts  on  the  nwdidlary  cintcrs  consist  niaiiil)'  in  depres- 
sion. Diphtlicria  paralyzes  the  vasomotor,  and  then  Uie  respir- 
atory, centers ;  snake  venom,  the  respiratory  center  first,  etc. 

The  specific  eflects  upon  the  honi&plures  cannot  be 
sharply  diff"eren dated  from  those  due  to  hyperpyrexia,  but 
there  can  be  no  doubt  that  certain  toxins  produce  delirium ; 
others,  comatose  conditions,  etc. 

The  disturbances  of  the  metabolism  and  of  the  temperature 
centers  have  alreatly  been  discussed. 

7.  Lowered  Resistance. — While  an  attick  of  an  infec- 
tious disease  generally  causes  some  deforce  of  innnunit\'  to 
the  same  organism,  it  lowers  resistince  to  other  infections, 
especially  for  the  same  organs.  Thus,  bronchitis  makes 
a  patient  more  liable  lo  pneumonia,  etc.  Chloral  and 
alcohol  also  increase  the  su.sceptibility  to  a  number  of  dis- 
eases.    So  <lo<:s  castration,  both  in  males  and  females. 

8.  Mechanical  Effects. — The  bodies  of  the  bacteria,  if 
present  in  suflFicicnt  numbers,  will  produce  mechanically 
einboUsms  of  various  portions  of  the  circulatory  system,  as 
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of  the  coronary  arteries  or  of  vessels  supplying  important 
parts  of  the  central  iicr\'ou.s  system,  and  in  this  way  produce 
death.     Antlirax  infection  is  a  good  example. 


VII.  PHARMACOLOGY  OF  SOME  SPECIFIC  INFECTIONS. 

For  the  sjke  of  illustration,  some  of  the  typical  intoxica- 
tions may  be  entered  into  5omcwh.-it  more  fully. 

The  subject  of  infection  by  tetanus  and  cholera  is  dis* 
cusised  elsewhere  (page  167  and  Chap.  XXVII).  lioth  arc 
toxic  processes. 

I.  Diphtheria,— This  disease  is  particularly  adapted 
to  the  study  of  toxin-poi.soninti,  since  the  bacteria  remain 
locaJized  and  the  general  phenomena  are  almost  purely 
those  of  the  toxin. 

The  local  phenomena  consist  in  exudative  inflammation 
and  necrosis  of  tissue.  Hyaline  thmmbi  arc  formed  in  the 
vessels,  and  these  may  g've  rise  to  embolism.  Localized 
dcgcncration.s  may  also  occur  in  distant  organs.  These 
may  be  due  to  the  toxin  alone,  in  which  case  they  are 
dittusc  (cloudy  and  fatty)  and  affect  particularly  gland- 
ular epithelium  (kidney  and  liver),  muscle  (skeletal  [?]. 
but  particularly  cardiac),  and  lymphadenoid  tissue  (spleen). 

llie  systemic  action  consists  in  slowly  dcvetoping 
paraly.sis  of  the  meihillary  centers  (re.spiratory  and  vaso- 
motor), and  later  of  the  cardiac  muscle. 

The  fuHt-tiotial  fardiac  changes  consist,  in  the  first  place, 
in  quickening  and  weakening  such  as  is  seen  in  otlier  fevers 
a.s  a  result  of  the  hyperpyrexia.  After  some  days  this  gives 
place  to  a  slowin;^.  The  latter  is  tnusi  iiietr,  for  it  nccurs 
after  atropin.  The  cause  of  the  delayed  action  is  tn  be  sought 
in  the  slow  penetration  of  the  toxin.  The  effect  of  the 
toxin  on  the  isolated  apex  (Porter  mL-tliod)  consists  in  slow- 
ing without  dimiiuition  in  force.  Rejxfated  diphtheritic 
intoxication  causes  chronic  atrofyhy  of  tlie  cardiac  muscles, 
probably  due  to  nervous  and  vasomotor  disturbance,  but  as 
yet  not  well  understood.  It  occurs  even  when  the  disease 
has  been  stopped  by  antitoxin. 

I jttle  is  known  as  yet  of  the  cause  of  changes  in  the  etn- 
trai  ticn-ous  systi-m.  These  may  partly  be  due  to  hyperpy- 
rexia, partly  to  embolism,  but  a  large  part  may  be  assurncd 
to  be  caused  by  the  direct  action  of  the  toxins  on  the 
nervous  elements. 
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Injection  of  the  toxin  produces  late  vasomotor  paralysis 
(which  precedes  the  cardiac  paralysis)  and  depression  of  the 
rcspirator\'  center.  The  fall  r)f  pressure  from  the  vaso- 
motor paralysis  is  considered  the  primary  cause  of  death, 
if  this  occurs  within  forty-eij^ht  hours. 

The  peripheral  nert'es  are  irritated  througli  localized  neur- 
ites. 

The  proportion  of  urea  to  the  total  nitrogen  is  increased. 

The  toxin  is  precif)ltattd  by  absolute  alcohol,  animoinum 
sulphate,  or  magnesium  sulphate.  It  is  non-dialyzable.  It 
is  rcndcrci!  inert  at  50^  to  60°  C. 

3.  Scarlatina. — The  skin  affection  be^nns  in  the  hair 
follicles,  but  soon  extends  as  hyperemia  to  the  whole  skin. 
Tliis  disappears  on  pressure  and  returns  very  slowly,  which 
favors  the  theory  of  paralysis  of  the  7rsse/s.  This  is  further 
confimied  by  a  hydrops  of  the  skin,  which  is  independent 
of  renal  and  cardiac  afTcctions.  Since  this  is  confined  to  the 
skin,  it  is  proliably  peripheral.  The  phenomena^-erytliema, 
exfoliation,  etc. — are  those  of  dermatitis  due  to  vasomotor 
paralysis.  The  dermntitis  is  synchronous  with  the  fever  ;  but 
since  the  severity  of  the  two  is  \er>'  tlifforent,  atuJ  since  one 
acts  centrally  and  the  other  peripherally,  there  is  some 
probability  of  the  existence  of  two  different  toxins,  gener- 
ated by  the  same  proce.ss.  There  is  a  genenil  resemblance 
to  drugs  producing  ervthema. 

The  General  Affection  :  Considering  the  necessarily  in- 
■*ed  heat  loss  from  dilatation  of  the  skin  vessels,  the 
r  must  lie  due  to  an  incrtased  heat  produetion.  The 
greatly  quickened  pulse  speaks  for  a  paralytic  process  ;  the 
small  degeneration  of  the  heart  muscle  would  make  this 
a})pear  partly  central.  But  a  peripheral  toxic  effect  is  shown 
by  the  hemolysis.  We  have  here  the  usual  effects  of  an  irri- 
tant |x>ison  ;  incroa.sed  metabolism  resulting  from  destruc- 
tive pr«>cesses.  Meuritcs  sometimes  occur  without  sepsis. 
lcucoc\  tosi.s,  etc. 

Nephritis  :  This  is  peculiar  from  tiie  fact  that  it  comes  on 
after  the  other  processes  have  subsided,  and  is  independent 
of  their  severity.  The  independence  may  perhaps  be  ac- 
counted for  by  a  slow  excretion  of  the  toxin,  which  would 
cause  the  maximum  concentration  to  come  on  late.  Other- 
wise or»e  would  be  forced  to  assume  the  presence  of  a  third 
toxin  formed  independently  from  the  rest. 

To  summarize  scarlatina  toxin :  The  irritant  effects  are 
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shown    in    dififcrent   ways,    possibly   due  to   different  sub- 
stances ;  at  all  events,  Independent  of  one  another. 

1.  Skin  :   It  paralyzes  tiie  blood-vessels  peripherally. 

2.  General :  Increased  metabolism.  Cardiac  paralysis. 
Hemolysis,  etc. 

3.  On  its  excretion,  which  is  slow,  it  develops  nephritis. 
It  rcstrmbles  most  closely  the  canthandin  group. 

On  account  of  the  vasomotor  paralysis,  it  lowers  the  re- 
sistance to  pus  orj^aiusms. 

3.  Typhoid. — This  is  a  mild  toxin  process,  mainly  irri- 
tant in  its  effects. 

The  /ffca/  arfion  results  in  solution  of  tissue,  necrosis  of 
vessels,  etc.  If  the  process  is  localized  in  tlie  intestinal 
canal,  it  causes  an  increase  in  the  secretion  of  mucus. 

At  a  distatice  it  stimulates  the  production  of  Icucocjtes 
and  of  the  endotlielium  of  the  blood-  and  lymph-vesscU. 
but  probably  not  that  of  fibrous  tissue.  It  causes  hyperemia 
of  \'arious  organs  (nase,  etc.),  fatty  degeneration  and  cloudy 
swelling  of  the  renal  and  hepatic  epithelium  and  cardjac 
muscle.      Focal  infections  are  common. 

The  toxin  has  a  digitalis  effect  upon  the  isoiated  heart. 

4.  Pus  Organisms. — These  cause  mainly  local  necrotic 
and  lytic  chani^es,  connected  with  the  actual  presence  of  the 
bacteria. 

If  (hew  leave  their  local  viluaCion  and  invade  the  body,  the  rewitt  is  wjitt- 
ceniiu  ;  if  this  give^  n^c  10  infcclcd  cnibuli,  we  liave  pyemia :  if  thrir  luiinc 
alone  ctiler  the  dnrulatioii  iti  MiflTictenll}'  large  r|uanlities  u>  prodtice  marked 
effeci^,  this  Ik  coIIcmI  toxemia. 

Their  systemic  effects  resemble  verj^  closely  those  of 
albumo.ses  and  other  fever-pruducing  agents. 

5.  Tuberculosis. — The  bacteria  }>roduce  chronic  infiafH' 
matory  changes  iXxn-  to  the  slow  lihention  of  a  toxin.  Their 
action  consists  in  a  toxic  effect  on  protoplasm  and  a  stimu- 
lating effect  of  the  fixed  connective-tissue  cells.  There  arc 
also  general  mrtaboHc  changes  inducing  cachexia.  The 
bacteria  liave  no  marked  predilection  for  any  special  organ, 
bc>'ond  the  seat  of  introduction. 

Tubcrtulin  (a  glycerin  extr.ict  of  the  bacteria)  contains  a 
peculiar  proteid  substance  whicli  is  not  liestroyed  at  the 
temperature  of  120°  C.  This  has  no  effect  upon  healthy 
animals,  but  is  very  toxic  to  individuals  already  infected 
with  tuberculosis,  causing  inflammatory  and  pyrogenctic 
changes. 
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The  TCftion  for  thi^  prctlilctUun  miul  bcsouj^ln  in  ihr  fuct  lliat  llic  tubercu- 
lin ouly  h^ighleDS  the  nortiiat  tuberculous  process  onrl  cannot  act  unless  Ihc 
latter  is  already  prcscni.  It  is  lliercforc  u>r-d  in  dia>;n<ni.s  of  ubscure  caje^  uf 
tul>ercukHis.  AltuoM  all  clitiidatu>  arc  now  agreed  ilmi  it  presents  no  danger. 
The  dose  for  this  purjiosc  is  5  to  10  mg.,  given  hypoclcrmically.  It  must  be 
tetiierabeied  that  the  mjeciion  of  nurmnl  saline  alune  causes  a  flight  nsc  of 
temperature  in  sensitive  individuals.  When  the  tubemjlar  pniccss  t«  far 
advanced,  the  tuberculin  reaction  nuy  fail,  since  the  patient  is  already  satur- 
ated  wtib  the  toxiH. 

6.  Syphilis. — The  action  of  the  syphilis  poiscm  consists 
apparently  of  ^  ^cmrfU protoplasmic  irriUition  \s\K.\\  a  special 
tcntJcncy  to  cell  proliferation. 

The  heal  changes  are  purely  proliferative  and  irritant ;  in 
part  acute  (chancre);  subacute  and  exerted  on  the  skin  and 
mucous  membranes  (secondary  syphilides);  or  slow,  siniilar 
to  those  of  tuberculosis,  with  production  of  gummata,  ulce- 
ration, etc. 

There  is  also  an  alteration  in  the  general  metabolism,  as 
yet  but  little  studied. 

7.  Beriberi. — Opinion  differs  as  to  whether  this  disease 
is  an  inlective  process  or  is  produced  by  toxins  ctmtaiiied  in 
food  (fish).  The  symptoms  present  several  forms,  which 
may  all  be  reduced  to  dei^ener.itivc  chanjjes  in  nerve-trunks 
and  consequent  trophic  disturbances.  The  main  forms  are 
multiple  neuritis,  anemia,  and  anasarca.  The  neuritis  is 
generally  an  ascending  motor  paralysis,  sensory  disturbances 
also  appcarin^j  later.  Injections  of  the  blood  cause,  in  the 
cat.  effects  wliich  correspond  to  tliose  of  choliii. 

8.  Anthrax. — Besides  local  inflammatory' changes,  there 
is  a  jjencral  intoxication,  which  seems  to  be  due  purely  to 
ttie  mechanical  obstruction  of  the  capillaries  by  the  bodies 
of  the  bacteria  themselves.  The  toxin,  if  any  exists,  is  very 
weak. 

9.  Albumoses  and  Peptones. — The  production  of /rrvr 
by  the  mjcctiiui  of  these  substances  has  already  been 
studied.  Besides  this,  the  intravenous  injection  of  albumose 
in  siMJill  doses  ha.stcns  t)ie  coagulation  of  the  blood.  In  larger 
doses  it  retards  this.  This  artinn  cannot  be  obtained  by 
mixitij;  the  ixrptone  witii  bUtod  outside  the  botly,  but  seems 
to  be  due  to  the  stimulation  by  this  albumose  of  the  produc- 
tion of  substances  favoring  or  retarding  coagulation. 

Proteoses  also  produce  a  considerable  fall  of  blood  pres- 
sure, due  to  vasomotor  paralysis,  especially  of  the  splanchnic 
area.  Whether  this  is  central  or  peripheral  is  still  under 
discussion. 
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It  has  recently  bccii  cltiimct)  that  albuuioAe»  prepared  under  stnci  uep»is 
are  without  adion,  nml  tttal  the  commonly  ob»erved  rfliccU  ane  due  to  the 
admixture  of  ptoDininii.     This  lutemcnt  requires  further  coafinnation. 


Other  protiiii  bodies  probiibly  have  a  similar  action  ;  also 
certain  protcid  derivatives,  such  a^  the  protamins,  htsiorus. 


etc. 


VIII.  PHARMACOLOGY  OF  ANIMAL  VENOMS. 

I.  Of  tlic  animal  poi.sons  belonging  to  this  ty|>c  the  most 
typical  are  the  snake  venoms. 

While  the  diflferont  snake  poisons  are  not  exactly  alike, 
they  present,  on  the  whole.  t!i>o  actions  differing  quantitv 
tivoly  in  diftcrcnt  species  :  Mrst.  a  local  toxic  effect  on  pro- 
toplasm, leading  to  irritation,  edema  and  gaJigrcnc,  and 
dcbtructiun  of  blood-corpusclcs  ;  second,  a  general  action 
resembling  most  closely  that  of  conlin. 

Tiic  local  effect  commences  in  a  eeliulitis  at  the  site  of 
the  bite.  This  is  acconipiinied  by  swclhng.  and  later  goes 
into  gangrene. 

Verj'  marked  changes  occur  in  the  blood.  There  is  a 
considerable  tendency  to  extravasation,  also  thrombosis. 
The  coagulability  of  the  blood  is  changed  in  a  manner  .simi- 
lar to  albumoses,  and  this  action  is.  indeed,  mo.st  marked  if 
albumoses  arc  present  in  (he  venom. 

A  solution  of  the  red  corpuscles  and  lakingof  the  blood 
is  a  very  frequent  phenomenon  even  in  the  intact  animal. 
The  hem<^t\tic  action  Is  less  apparent  on  the  blood  of  the 
snake  itsilf  and  upon  that  of  immunized  animals. 

Systemic  Actions. — These  are  nervous,  mainly  central, 
partly  peripheral. 

The  central  ticn^ous  system  is  affected  in  almost  the  same 
way  as  by  coniin,  but  with  a  more  direct  paralysis  of  the 
respirator)'  center.  There  is  a  period  of  incubation  (in  man. 
of  about  four  hours'  duration);  the  patient  then  becomes 
drowsy,  and  tlien  presents  an  ascending  paralysis  of  the 
cord — /'.  /*.,  in  the  order  of  legs,  arms.  lar\nx,  and  tongue. 
There  is  also  salivation  and  vomiting.  The  respiration 
becomes  dyspneic,  giving  rise  to  asphyxial  convulsions  and 
forming  the  cause  <tf  death.  The  heart  beats  for  sonic  time 
after  the  respiration  stops. 

This  is  the  picture  for  cobra  venom.  The  venom  of  the 
Indian  vipcrcontainsalbumose,  and,  like  the  latter,  produces 
a  ftdl  of  blood  pressure. 
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A  paralysis  of  the  vasomotor  center  is  frequent  with  these 
poisons,  leading  to  a  fall  of  blood  pressure.  The  latter  is 
in  part  due  to  peripheral  effects  on  the  heart  and  on  the 
endings  of  the  s])laachiiics.  In  the  heart  the  paralysis 
involves  botli  gangha  and  muscle. 

Another  analogy  to  coniin  is  a  rumn'  iwtioH  of  these 
]»oisons. 

Primary  convttisiotts  are  not  so  conspicuous,  but  may  be 
present 

A  nil»bil  poiMHicd  by  raillesiuJte  venom  cxhibiled  lutigituJiiial  rotation! 
among  olhvfT  tymptomft,  ami  (he  autopsy  sbowetl  chtomulylJc  clioiigcf  in  Pur- 
kinje'tociU. 

Nature  of  the  Active  Substances. — These  are  neither 
living  orjjanisms  nor  alkaloids.  They  are  destroyed  by 
heat,  but  witlustand  drying  at  kiw  temperature  am!  will  then 
keep  indefinitely.  They  are  protdds,  and  belong  to  all  the 
different  classes — albumins,  etc. 

Theii  toxic  |>n»(>rity  apiwan  to  lie  mainly  «n  cxaggeraiiun  of  Ihc  tinnnal 
tuxiciiy  of  Mrum  (H^eiJs,  wbich  la^t  [(resent  qualitalively  tlie  Mttue  acuuiu. 

The  cobra  venonn  contiins  a  globulin  and  a  modified 
albtmiin,  which  causes  a  parftlysi.s  of  tlie  respiratory  center; 
and  scrum  albumin,  which  produces  the  ascending  motor 
paralysis. 

The  Indian  viper  (niihni.T)  contains  a  globulin  and  an 
albumin  similar  to  those  of  the  cobra,  and,  in  addition,  an 
aUnimose  which  causes  a  vasomotor  paralysis  and  a  lessen- 
ing of  the  coagulability  of  the  blood. 

These  protcids  are  destroyed  to  a  slight  extent  by  the 
Ii\-er.  but  not  by  the  ncn'c -substance.  They  arc  destroyed 
by  ferments,  and  are  therefore  harmless  when  taken  by 
mouth ;  but  if  introduced  into  the  alimentary  canal  below 
the  pancreatic  duct,  they  arc  absorbed  unchanged  and  exert 
their  tj'pical  action. 

The  snaki^  venoms,  and  particularly  the  blood  of  the 
snakes,  contain  specific  immunizing  substances  which  are 
more  resistant  to  heat  than  the  toxalhumins.  Artificial 
immunity'  can  also  be  established  in  animals  by  the  same 
mcthoiis  as  arc  employed  against  bacterial  toxins.  The 
hedgehog  is  naturally  immune,  and  will  survive  an  amount 
of  poison  proportionate!)'  thirty  or  fort)'  times  larger  than 
will  the  guinea-pig.  This  immunity  can  be  transmitted  to 
the  guinea  by  injection  of  the  hedgehog  serum.     Snake 
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antitoxins  obtained  from  immunized  horses  are  now  on  the 
market,  and  appear  to  be  fairly  successful. 

It  is  possible  that  the  snake  charmers  enjoy  an  acquired 
imnmnity  ;  but.  tnure  often,  they  cause  the  serpents  to  bite 
into  a  stick  a  nuntbcr  of  times,  in  tliis  way  exhaustinj^  the 
supply  of  poison,  or  else  they  extract  the  fangs  widi  the 
poison -producing  inlands. 

The  treatment  of  snake-poisoning  consists  in  ligation  of 
the  infected  part,  expression,  excision,  cauterization,  or  irri- 
yjation  with  i  '/c  KMnO^  solutit>n  or  with  iodin.  The  gen- 
eral treatment  should  be  stimulation  with  strj'chnin  in  Utj^ 
doses.  This  has  ^^iven  brilliant  success.  The  popula^ 
treatment  by  largL*  doses  of  alcohol  is  largely  empiricaLI 
Medviliar)*  stinnilants  may  also  be  employed. 

Die  importance  of  this  subject  may  be  appreciated  from 
the  fact  that  in  India  in  1898,  22,000  people  were  reported 
as  killed  by  snake  bite. 

a.  Certain  lizards  iGila  monster)  KCieie  poisons  having  close  reseniblonce 
lu  ttiQt  ijf  siiakfs, 

3.  Ccruiti  poi&ODOus  6sh  hare  ylamla  tinaU>^ouh  to  lliusir  «r  stukes,  and 
ihc  ]wisr:.n  from  thL'»«  (mxluces  a  similar  cclIuIJlis.  Mi>si  instances  of  tisb 
{Nii^tiiiiig  arc  (lur,  however,  tu  tlic  cnliiit;  ni  their  p(iiNoiiiiii>  meat  (kt  [i  270). 

4.  The  !tktn  gUiulh  of  llic  toad  secrete  a  poiHoii  ||ihiyiiini  which  is  vri/ 
tnilant  to  the  skin  oiicl  mucous  mcmbriuies.     Applied  <Iirectly  lu  fr^^'  heart\l 
it  exrrl.s  a  iligilali^  acliuii.      Thii  |irrha)M  explains  Uic  cuiii|nnLtivc  inuiiutiity 
of  tiKi<)>  t!)  digitalis. 

5.  'I'bc  skill  uf  the  fire  salamander  (salamandra  nuculala)  secretes  alka- 
loitlal  (xnMitis  wiiiuU  have  e  IooU  iniunt  and  a  atrjcluun  action,  aiid  if  io- 
jcrte<i.  prixliirc  dcalh  liy  respirator)'  pAmlviiis. 

6.  Scorpions  contain  f^laiids  un  the  abdomen  which  secrete  a  poi«on  wli 
may  have  an  a<:li(]ii  >iiiiilar  lu  thttl  of  the  salamander.    Ariitieinl  tmaianity  ntajf 
be  .-icquired  by  the  wst:  of  gmdually  JnCTcaKing  doles,  and  this  (Hotecta  e*ea ' 
Bgain^t  the  kniil  redcliim. 

7.  Bees,  wasps,  hornets,  mosquitos,  and  ants  secrete  a  poison  wKid^^ 
pr«)ihiccsnlncal  iml;ili(iii.    Thi)>  contains  formic  acid,  IhjI  ihc  nature  of  the  a 
Mih^inoce,  prohobty  tuxnlbainin^.  is  not  known.     One  of  the  most  efllicicnl  anti^^ 
dole^  to  intecl'pui»otiing  i-t  the  local  injection  of  a  solution  of  ammonia  water. 

8.  Spiders  M.'crele  two  ptfiMinii  from  separate  friands.    ( )ne  ha«  a  local  irri- 
tani  action,  the  other  is  a  toKalhnmin  and  poue»eR  syitemic  actions      Tbes"" 
consist  in  trembling,  fn&t  pul.tc,  cold  sweat,  natisea,  and  vomiting.     The  effa 
it  rarely,  if  ever,  fatal. 


IX.  TOXINS  OF  VEGETABLE  ORIGIN. 

These  are  not  true  proteidsv  but  they  seem  to  exist  in  the  plants  as  prolcid> 
compoundii. 

'I  he  mod  important  is  Rlcln,  contained  in  the  mMnr  oil  bean.  Poimninf 
from  eating  these  .veedf  is  fairly  common  in  lileniture,  and  present*  a  mortality 
of  abiiul  (*%.  The  ririn  is  con1aine<1  in  the  pre«  cakr  which  remains  after 
the  expression  of  the  oil.  It  ta  extremely  toxic,  a04  mg.  per  kilo  lieing  fatal 
for  rebbit!i. 
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AiiP  ii»  action :  Taken  hy  innuth.  it  it  at  hnrt  an  irritant  iifi*r  ihe  manner 
of  aMDO  oil.  caiuini;  b  rather  slow  irritation  of  the  intcitinev  This  iiritation 
Menu  to  re»t  011  a  local  intravaxful^tr  rotr^latwn,  ]«iiliii^  to  (I11:  trfTu^iuii  of 
blocNl,  ulcer  fiirmalion.  elc.  '1  his  in:tioii  (ttx-unt  wherever  the  poiwn  is  o[>plied. 
but  the  cnnjuncliva  is  punicularly  iuhject  10  ii.  The  inteittiml  canal  is  ItM 
aAcclcU  because  the  irritant  pari  of  the  {KMMin  i»  de^tmyed  by  frrmetit)!. 
HcMdct  ihis  l<*cal  effect  of  the  poison,  il  produces  death  nfler  several  days  from 
itntral  sy*Npti'*»s.  especially  when  il  has  been  iiijcctcd  liypuclcnnicaily  or  inli> 
the  ciicatatiun.  The  metlulia  is  suddenly  a^ected,  klinuiiii;  paralysis  uf  the 
TMonglor-Byi  rr<>pir.-i(»r7  ccniers  similnr  Id  that  produced  by  «nake  poisons 
■■d'tMMlilMCtefial  tuxJDs.  Given  hypodcrmtcally,  llie  rictn  is  even  mare  toxic 
thaa  stiytluila.     It  could  not  he  derionMiaicd  chemically. 

The  aymptoms  m  m«n  c<>ii.<ii»i  in  iiaustn,  vomiimj;,  colic,  bloody  diar- 
rhea, headache,  thirst,  hot  ^kiti,  small  fi-equeiil  pulse,  cold  sweat,  icterus,  coo' 
vulMons.  and  anemia,  aud  dcalb  in  cotivuUiuus  or  from  exhauMion. 

AncAhcr  similarity  to  bacterial  toxins  coruiMs  in  the  acquisition  of  an 
immunily.  This  can  be  eslabli'ilied  In  Mich  a  degree  by  EeedinR  the  poison, 
that  the  animal  may  bear  5000  limes  tlie  nurmnl  fatal  dose. 

(.)ul.-idc  the  body  it  act)>  on  the  blond  of  all  Tcrtehralrs,  producing  a  t-anglti' 
/ifta/uu  of  f^  tf<.i  (orpttiths.  This  doe?  not  occur  in  living  anrnmls.  It  is 
not  atlectcd  by  immunity  to  the  toxic  substance.  Il  is  destroyed  by  ferments, 
whereas  the  renlrally  acting  poisons  are  nnl.  Hcncp  ricin  contains  two,  and 
perfaapi  three,  difTeretit  substAnces  :  producing  eKlravascular  conglomeration  ; 
mtiavascular  clotting  ;  and  the  effect  on  the  central  nervous  system.  But  it  is 
very  pussble  thai  the  Initrr  is  the  indirerl  cnnserjacnce  of  the  clotting. 

ADTtat  a  loxalbumiii  from  jei^uirity  benn,  resembles  ricin  sn  closely  in  ita 
action  thai  the  difference  tras  only  established  when  it  was  noticed  tluil  iinmu- 
nily  agairuti  one  did  not  constitute  immunity  agninsL  the  other.  When  the  whole 
bcnnb  are  swallowed,  no  toxic  effect*  result,  since  the  shell  is  so  hard  that  the 
pot<on  <locfc  not  difwolve.  Hut  if  the  [M^wder  is  taken,  it  produces  effects  similar 
to  ririfi.  The  action  on  the  eye  is  much  stronger,  causing  nphllmlmitis.  This 
is  >on>elimev  utilised  therapeutically,  but  is  not  justthnble.  since  it  is  im[x>s.sible 
to  «mtrol  the  nciion. 

•Abrus  precatoriuB. — J/^tdrity  Btan,  Prayer  Btan. — Papilionaeex ; 
tropica  All  infusion  may  be  made  by  macerating  the  powder  with  50  parts 
of  cold  water. 

Phallin  and  Helvella-actd.— These  are  tnxitthumins  contained  in  Hel- 
vella  c«cutei)ta.  Amanita  phiillnides,  and  other  mushrnnras. 

Their  ailion  amsisls  cipecially  in  a  very  marked  solvent  power  on  red 
bl'kod'Curpuscles,  similar  inlhal  prrxhired  by  sa[Kvnins,  hul  occurring  inside  the 
body.  This  results  in  exlravasaiii>n  of  blocxl.  ilissolutton,  and  n  number  of 
similar  actions.  Some  of  their  effects  are  also  primar>'.  The  symptoms  show 
a  doK  aoalogy  to  yellow  atnvjthy  of  the  liver.  The»c  symptoms  appear  only 
after  hfian>  ur  sometimes  after  days.  They  consist  in  gastra  enleritis.  cold 
sweat,  tomnolencF,  headache,  delirium,  cuma,  cunvuliions,  cyanosis,  fever, 
bcmoKlobtnuno,  nrul  alhuniinuria  or  aituria. 

Tbew  imisiiiii  are  destroyed  by  drying,  or  ftuy  be  removed  by  hot  water,  » 
chat  these  mushrooms  may  be  eaten  with  tmpunily  aftet  this  treatment. 


*  Not  official. 
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CHAPTER  XIX. 
THE   SBRIES   OF   HYDROCARBON    NARCOTICS. 


(ALCOHOL  AND  CHLOROFORM  GROUPS.) 

(A)  GENERAL. 
I.  INFLUENCE  OF  CHEMIC  STRUCTURE  ON  ACTION. 

This  scries  tocludcs  all  such  hyUrucarbon  corapouodji — dcrivativu  of  tbe 
fatly  scries  C„It,,  ^  ,  — in  which  the  hydraaiibun  porlinn  is  Ihe  active  pan. 
In  order  thsit  they  may  exert  their  si>ecific  pharmacologic  action,  it  is,  o(  courw. 
Dcccssary  that  ihey  be  capable  uf  nusof  ptioii  anil  ilistribuUon  ht  the  liquids  and 
tissues  of  the  b<><Jy.  'I  his  may  lie  cither  by  chrect  ftohition,  as  in  the  cajc  of 
chloral ;  or,  in  virtue  of  their  volotitity,  as  with  chIon>furin.  Mvnibers  uf  the 
bcries  which  ace  neither  soluble  iiur  vulatjlc — such  as  iNLrafTiO'^hii  vc  uu  actiun. 

The  influence  of  chcmic  xtructure  uptm  the  action  has  been  tmtre  fully 
sturhed  in  ihit  iierieN  than  in  any  other.  \V'hil<T  it  cannot  be  laid  thai  thi>  study 
hai  bruughl  us  any  nearer  to  the  cxplanatioo  of  (be  action,  it  hn^,  ixine  the 
leas,  fumitthed  us  with  a  nuiiil>er  uf  interesting  facts  which  sliow  at  )c.i«t  a 
fairly  definite  relation  between  changes  in  the  cheniic  make-up  and  (4hinna- 
cologic  DCtiun  of  dnigs. 

As  a  lirsl  rule,  wc  iruiy  My  that,  other  things  l>eing  e«)Ufll,  the  strength  of 
action  increases  with  the  length  uf  tht.-  chain;  the  greater  the  value  of  u.  ihe 
stnmgcr  will  be  the  acliun. '  A  limit  is  M»un  reached,  however,  for  tbe  drugs 
become  lr»  rolatile  and  lens  soluble  the  higher  they  t^and  in  the  series  ;  so  that 
the  liighcrparalfinsareentircly  insiJiibluAnd  inacuve  The acUun  loay  be  nodj- 
ficd  by  rcplocitig  the  H  of  the  groiii-i  by  other  elements  or  groups.  The  con- 
pounds  so  romir<I  allpo!t»e»»ihe  lypii'sl  action  of  the  hydrocarbon  group;  but  this 
may  be  to  overshadi  twed  hy  other  actiojii  a<;  lo  be  wnrccly  appreciable.  A  good 
example  of  ihis  i»  the  iiilrtHluctiijii  of  the  group  N'  >,.  This  acts  very  mocfa 
more  stmn|;ly  ihnii  llie  hydrocarbon  part  <>f  the  molecule,  and  conseuucntlj 
the  nitrite  action  i*-  obtained  long  before  there  can  be  any  hydrocarlion  acttno. 
The  same  is  true  if  we  «uh«tilute  an  umniiitic  radicle.  The  intjnduclicm  of  cer- 
tain other  tadiclei  wcskens  the  hydrocarl>on  action  to  a  very  great  extent,  VV< 
may  mention  e-ijiecialiy  the  «cM  forniing  radicle  t'U,H.  The  iniroduclion  (/ 
hydrocarbon  tadicltjs  into  an  amin  iiiotcctiU-  dc*lr<>y>  their  action  etilirely,  ITw 
intTiMlurlitMi  of  inuiv  than  inic  Oil  group  nlvt  weakent  or  destroys  the  action. 
Aldehyris  are  more  arlive  than  Ihe  cnrresjxmding  nlctthol*.  The  introducluMi 
of  the  halogens,  and  especially  of  CI.  often  enhances  the  action,  but  (his  it 
nn(  pro]>ortiona)  to  the  number  of  CI  molrrnles  introduced.  Tbe  intro- 
dnction  of  O  letherst  also  increases  the  action,  llie  introduction  of  vidt 
testers)  weakens  it. 

'  Tbe  boiling-point  and  the  rehUive  loxkhy  of  the  alcohols  are  gWen  at 
follows  t 

Bon-iNn-PoiKT.  Toxicity  (Bakb). 

Methvl.CHjOII 65.0  a8 

Ethyl,  ailjOH 78.5  1.0 

Propyl.  C,H,OH 980  s.o 

Bwtyl,  C,H,i  >H,        107.0  3.0 

AmyU  C,I{^OH, 131.0  4.0 
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II.  SUMMARY  OF  ACTIONS. 

1.  A  precipitation  of  protcids,  leading  to  irritation  and 
death  of  tissues,  and  hindering  the  action  of  fcrmcntH  and  the 
growth  of  bacteria. 

2.  Reflex  actions  resulting^  from  tliis  irritation. 

3.  A  'depressant  (narcotic)  action  upon  the  central  ner- 
vous .sj-.stcm,  exerted  primarily  upon  the  higher  centers  of 
the  brain,  and  lastly  upon  the  medulla. 

4.  In  the  case  of  alcohol,  the  capability  of  oxidation  and 
consequently  of  acting  as  a  food. 


I 

■Sfin; 


in.  DETAILS  OF  ACTION. 

X.  The  local  action  rests  largely  on  a  coagulation  of 
protcids,  just  as  in  the  case  of  the  aromatic  antiseptics. 

Tbc  caciM  of  lliis  OM^Iation  dincn  in  tome  rc»[>rcl8  in  the  virjuus  mem- 
ben.  In  the  CAK  of  aitvioi  il  rcM*»  u)»)n  withdrawnl  uf  wmcr,  ami  cunse- 
qumtlr  ill  (Knteiils  nre  nIfcclcU ;  fkhroform  \\\\%  a  more  iniukrd  ncliun  upuo 
yl<>ltulin»  (csjiccuJIy  myo>iii),  and  rther  upon  •Itjiimiiis  |r>>]H-ctaIly  ci^- 
•Ibumeni.  Many  of  the  other  members  of  ihe  terics  resemble  one  or  uie 
ulher  of  thcK  three. 

3.  Thi.s  coagulation  of  protoplasm  causes  irritation  and 
inflammation, — an   increase   followed   by   diminution   and 

lally  abolition  of  function, — which  are  manifested  in  vari- 
ous waj'S  on  tlie  administration  of  Uicsc  substances. 

When  given  in  concentrated  form,  they  cause  a  sensation 
of  burning  on  the  mucous  membranes  with  which  they 
come  in  contact  This  is  strongest  with  the  aldchyds  (^.  ^., 
formaldihyd ,  and  acrolein,  tlie  irritant  vapt>r  formed  in  tlie 
overheating  of  oils).  In  the  sfomack  tlicj-  give  rise  to 
v<»miting  (especially  chloroform).  The  continued  use  of  con- 
centrated alcoliotic  liquids  brings  about  chronic  gastric 
catarrh,  and  consequently  impairment  of  nutrition.  In 
dilute  form  the  changes  are  much  less,  and  may  even  be 
absent.     This  will  be  more  fully  discus.scd  on  page  431. 

Whilst  alcohol  is  partly  burned,  much  of  it  remains 
unchanged,  and  thi.s  holds  still  more  of  most  of  the  other 
members  of  the  series.  Uuitiig  their  passage  through  the 
body  they  cause  similar  irrititions  in  other  organs.  These 
arc  most  marked  in  the  liver  and  kidneys,  and  result  in 
inflammatory  changes,  especially  interstitial.  If  the  course 
of  the  poisoning  is  slow,  a.s  in  alcohol,  conncctk'e-tissue 
/froli/t-rafum  and  fatty  degefteratiou  are  the  principal  lesions. 
Chloroform  and  ether  produce  inflammation  of  the  kidneys 
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much  more  quickly  than  alcohol ;  a  single  administration 
may  result  in  tjpical  acute  nephritis  with  alhumin  casts. 
hemoglobin,  etc.  It  is  scarcely  necessary  to  assume  a 
spt-ciai  susceptibility  of  these  organs  toward  the  local  acbon 
of  tlic  series,  since  ihcy  are  situated  respectively  at  the  por- 
tal of  t-ritr)'  and  of  exit,  where  the  drugs  are,  of  course,  in 
tlie  most  concentrated  form. 

Smaller  duses  of  alcohol  cause  dwresis  through  this  irri- 
tant action. 

In  addition  to  their  coagulant  action,  the  insoluble  and 
volatile  members  of  the  series  irritate  as  molecular  foreign 
bodies,  since  they  penetrate  tissues  readily  by  virtue  of  their 
volatilit)',  but  do  not  mix  with  their  constituents.  On  thi-s 
quality  rests  their  employment  as  embrocations  :  they  pro- 
duce a  slight  but  deep  irritation.  When  applied  to  the 
skin,  this  results  in  redness  and  a  sensation  of  burning, 
which  in  the  case  of  some  (chloroform)  becomes  ver>' 
paiu/ui.  This  is  followed  by  local  anesiJusia.  Alcohol  in 
greater  dilution  (255^  to  50%)  prwiuccs  an  increased  cell 
division  when  ajiplied  to  wounds,  and  an  increased  secretion 
of  digestive  juices  and  more  rapid  absorption  when  taken 
by  the  stomach. 

When  the  more  volatile  members  are  applied  to  the  skin 
and  allowed  to  evaporate,  this  abstracts  heat,  resulting  in  a 
sensation  iff  coobtcss,  in  place  of  the  burning  noticed  if  they 
arc  rubbed  in  or  covered.  This  abstraction  of  heat  may  be 
carried  to  actual  freezing  of  the  tissues  by  using  the  volatile 
substance  in  the  form  of  spray — a  method  made  use  of  for 
the  production  of  local  anesthesia.  (See  p.  239.)  Some 
also  cause  stimulation  of  the  wrnvj  ^/^  taste  and  smell;  the 
bouquet  of  wines  and  liquors  is  due  to  members  of  this 
series — for  the  most  part  unknown — and  grouped  together 
under  the  name  "  ienanthic  t'thtTS." 

Applied  directly  to  a  muscle  or  nerve,  they  act  like  any 
other  protoplasmic  poi.son,  producing  increase  and  then 
diminution  of  function. 


Wbcn  injected  near  &  nerve-trunk,  they  may  cause  paralysis  due  to  •  cir- 
cumscribed  neurittn — a  Tact  jmporlaiit  u>  bear  in  miDd  in  makiog  hypodennic 
injeclions  of  alcohol  or  rth«r. 

The  coagulating  action  also  determines  the  antiseptic 
properties  of  this  series.  Their  eflFiciency  is  much  less  than 
that  of  the  aromatic  group. 
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Iodoform  owed  its  action,  nol  (o  the  hydrocarbon  part  of  its  molecule,  bat 
U>  the  iodtn  liberated  from  it. 

The  hydrocarbons  are  also  very  efficient  parasiticides. 

They  are  of  no  great  value  At  atttkelmmlifi^  since  ihey  axe  too  r^idly  •!>• 
sorbed  and  produce  too  great  a  local  imtBtion. 

3,  The  action  upon  the  central  nervous  system  is 
purtiy  d€prtss(tnt.  according  to  most  pharmacologists. 
It  agrees  with  morphin  in  alTocting  primarily  the  higher 
psychic  functions,  but  differs  from  it  in  lowering,  instead  of 
heightening,  tlic  reflexes. 

Four  stages  may  be  distinguished  in  this  nervous  action  : 

1.  The  so-called  ** stimulant"  stagt^  when  the  activity  of 
certain  centers  appears  increased. 

2.  The  narcotic  stage,  in  whicli  a  marked  lowering  of  the 
psychic  functions  and  a  disturbance  of  the  "  balance  of  the 
brain"  become  apparent. 

3.  The  anestJutic  stage,  with  loss  of  motion,  of  conscious- 
ness, of  sensibility  to  pain,  and  of  some  reflexes. 

4.  The  paralytic  stage,  with  total  abolition  of  the  cerebral, 
spinal,  and  lastly  of  the  medullary  cen'ters,  the  latter  caus- 
ing dcatli. 

This  defcriplion  applies  to  all  the  hydrocarboiui  which  may  be  classed  in 
this  ftciies.  But  great  diflTerciices  exist  in  the  a-ndiness  with  which  one  stage 
passes  tnin  the  nllirr.  These  difTrtenres  are  mrrcly  iiu-tiilitatiTC.  Aloohol, 
ether,  and  chlomfnmi,  for  in«aace,  form  a  regular  sertfi  in  this  refl|i*t:t.  But 
this  difference  t»  an  extremely  importum  oive  practically,  so  that  it  will  be  bet- 
ter, in  10  far  as  the  artion  on  ihe  central  nervous  syHlcin  and  llic  ihctapcuiic 
tues  are  coocerne*!,  to  subdivide  the  "inbiecl  into  three  gnmps.  ptacing  alcohol 
in  one,  the  general  anesthetics  in  the  next,  and  the  hypnotics  of  the  hydrocar- 
boo  ictici  in  the  third. 


(B)  THE  ALCOHOL  GROUP. 
1.  THE  STIMULANT  OR  EXCITEMENT  STAGE 

"  observed  in  most  cases  after  taking  "moderate"  doses 
of  alcohol — a  quantity  not  easily  expressed  in  cubic  centi- 
meters. The  phenomena  are  only  too  well  known.  They 
are,  at  first  view,  typical  of  stimulation.  There  is  an  in- 
crease in  the  rate  of  the  respiration  and  of  the  heart ;  the 
diood  pressure  rises.  The  skirt  is  reddened,  with  a  grateful 
sensation  of  warmth  and  comfort.  There  is  an  increased 
viveuity  of  motion,  action,  and  speech,  which  latter  may 
acquire  a  stamp  of  briUiancy,  even  of  inspiration.  The 
subjective  condition  of  the  individual  also  undergoes  a  pe- 
culiar change. 
27 
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Shyness,  if  il  ordinarily  exists,  is  replaced  by  xU-cooMeact-  The  person 
under  Uie  itiHucnce  of  nlcohul  feeli*  an  unlimited  confideuce  in  his  own  powers 
and  accamplinhmcnUi,  both  inlctlcciuat  and  physical.  He  will  attempt  very 
difTicull,  even  iinpos<iihle,  (aslt^,  and  fee!  (Iiat  tie  accamptishes  them.  And 
he  similarly  overestimates  the  productions  of  others. 

Although  a  stimulant  action  seems,  at  first  view,  so  ap- 
parent that  it  has  long  been  held  as  one  of  the  axioms  of 
therapeutics,  and  is  even  now  held  as  true  by  some  eminent 
pharmacologists,  the  impartial  apparatus  of  experimental 
science  may  be  said  to  have  proved  the  contrary.  The  evi- 
dences of  a  depressing  action  of  even  vcn,'-  small  doses  of 
alcohol  arc  almost  without  number,  whilst  such  phenomena 
as  may  be  interpreted  as  true  stini  illation  are  due,  not  to  a 
direct  action  of  alcohol,  but  t<i  environment,  to  reflexes,  or 
to  depression  of  inhibitor\'  centers. 

If  the  phenomena  btr  somewhat  more  closely  inquired 
into,  this  will  become  apparent  at  once.  (_)f  the  physiiral 
phenomena,  the  flushing  of  the  cutaneous  vessels — to 
which  the  sen.satinn  of  warmth  must  be  attributed — occurs 
as  the  result  of  a  vasomotor  paralysis,  restricted,  it  is  true, 
to  this  area.  The  quickened  pulse  results  partly  from 
reflexes  caused  by  swallowing  and  b\f  irritation  of  the  mu- 
cous membranes,  partly  from  the  increased  excitement  and 
motion  ;  not  at  all  from  a  direct  action  on  the  cardiac  ner- 
vous or  muscular  mechanism — for  it  is  entirely  absent  in 
animals,  and  very  brief  in  man  if  the  factor  of  excitement 
be  eliminated.  The  same  is  true  of  the  quickening  of  res- 
piration. 

Bini  and  his  school  lay  great  strei*  upon  an  increase  of  respiration,  both  in 
number  and  dc]Kh,  espedally  pmminetil  in  fatigue.  This  occurs  even  during 
sleep,  an  that  it  n  not  the  re«ull  of  increased  tnotinn.  Rut  il  raav  Imt  fairly 
conudered  a  reflex, — muMard  nil  produces  a  similar  result, — aud  t>csides.  it 
seeing  to  have  a  tnore  intimate  connedion  with  the  volatile  wb»tance^  cons4t> 
ruling  the  "bouquet"  —  the  flavor  of  wine^  and  liquors — than  with  the  aloo- 
bol  it«clf. 

The  psychic  phenomena  find  their  explanation  in  A 
dulling  of  certiini  numtal  faculties  whilst  others  are  still 
practically  unaffected — in  a  disturbance  of  what  has  been 
called  the  *'  normal  balance  of  the  brain."  The  first  func- 
tions to  be  lost  are  the  finer  grades  of  judgment,  reflection, 
observation,  and  attention — the  faculties  which  have  largely 
been  acquired  through  education,  and  which  constitute  the 
elements  of  the  restraint  and  prudence  which  man  usually 
imposes  on  his  actions. 
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Tttus,  lo  quote  a  well-known  example:  Thv  nratur  no  lunger  considon 
thtt  he  ttMj  be  called  to  account  for  his  utterances ;  he  allows  hiin5cU  lo  be 
earned  by  tbc  UDUulse  uf  the  moment,  without  reflecting  on  ultimate  con»e* 
t}ueQCcv  and. Eft  his  expre^tsjoiis  bectune  fiL-cr.  Ibey  acquire  an  appearance  of 
warmth,  d  feclini*,  of  inspiration.  And  nni  a  little  of  this  inspiration  is  con- 
tributed by  the  audience,  who  ore  usually  in  a  aimilar  contlilion  of  increawd 
appreciatkia. 

The  view  that  alcohol  increases  the  intellectual  and 
physical  powers  of  the  individual  is  shown  by  actual  ex- 
periment to  be  erroneous,  and  based  almost  entirely  upon 
the  subjective  conditions  of  tlie  individual,  his  weakened 
facult>*  of  judgment. 

Eryofiaphiceapeiinients  show  iliat  inodeialedoiie»(ioGm.'|  al  fir»t  tncrraM 
Ukc  power  o{  voloniary  muvulnr  work  (lo  9f),  but  in  one  balf  hour  diminish 
it  to  6%  below  numial.  The  increase  is  unty  seen  when  (he  muscle  is  not 
too  much  cxhauste<1 ;  (he  alcohol  appears  lo  W  it-vel/  incapable  of  furnishing 
the  refloijBtc  energy.  This  effect  is  riilirely  central-  The  muscle  itself,  and 
the  endings,  are  mure  readily  eihausteil  from  the  start.  Similar  ohservatiooa 
have  been  mwle  on  the  frog,  where  (he  '*  tonic  "  influence  npjiears  to  be  con- 
fiised  lo  the  ner*e  emlinRs. 

Kraepelin,  who  has  probably  done  the  most  extensive  accurate  work  on  the 
psychic  elFecl:i  of  aIct>liol,  .ilatc^  i(  a.«  his  dpioioik  that  the  association  of  wurds 
and  iden  is  favored  hy  it,  but  that  the  rapid  association  of  disconnected  sylla- 
ble5.  as  in  psychologic  ejiiieiimeiits,  i>  diminished. 

ExperierKV  MK>n  teaches  lhi«  lesson:  that  alcohol  docs  not  really  stimu- 
late. Persons  who  have  to  undergo  severe  exertion,  cttlitr  physical  or  intel- 
lectual, very  rarely  take  alcohol  before  or  Juriug  their  labor,  bat  only  when 
this  i>  finiobed.  And  then  not  fornnyaiimuUting.  hut  really  fur  its  depressing, 
effect ;  for  the  feeling  of  comfort  and  genrrtil  reUxalion  which  11  induces. 
The  cnnlitiued  use  of  large  doses  of  alcobo]  wdl,  oi  course,  diminish  the  ac- 
tivity of  the  individual. 

Another  verj'  characteristic  feature,  evidently  resulting 
from  this  paralysis  of  the  higher  functions,  is  the  Uss  of  the 
pcuver  to  control  worth.  There  may  l>c  causeless  merriment 
or  sadness,  friendliness  ur  the  opposite.  It  is  interesting  to 
note  how  often  aicuhol  brings  out  the  true  character  of  an 
individual  by  this  abolition  of  restraint :  "  There  is  truth  in 
wine."  On  the  other  hand,  the  habits  of  self-control,  where 
they  have  been  cultivated,  persist  to  some  extent  even  in 
intoxication. 

These  facts  being  established,  it  may  be  asked  :  Why  do 
uv  continuf  to  speak  of  alcolio!  as  a  stimulant  f  How  may 
the  undoubted  benefits  in  general  debility,  in  shock,  in  high 
fever,  etc.,  be  reconciled  with  the  view  that  alcohol  does  not 
stimulate  the  centra!  nervous  system  ?  The  answer  must  be 
that  the  explanation  is  not  the  same  in  all  cases,  but  that  it 
is  in  no  case  necessary  to  assume  any  Mrcct  stimulant  action. 
This  will  be  discussed  in  the  therapeutic  part  (p.  427). 
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IL  PARALYTIC  STAGES. 

The  sj^mptomsof  the  finx  suge  being  so  lorgeljr  paraljrtic,  it  is  plsin  (hat 
no  sharp  line  cmnbe  dnwa  between  it  and  the  second  stage;  and,  uciiUrly, 
there  is  a  veiy  gradual  transition  between  the  second  and  third ;  all  the 
Stages,  in  fact,  being  but  periods  in  the  same  progressive  poralj'tic  process. 

Tlie  narcotic  stage  may  be  said  to  exist  when  the  symp- 
toms of  lessened  psychic  activity'  assume  prominence.  S^fi- 
safion  and  motion  become  lessened.  Speech  Is  thick  and 
muttering,  the^d//  uncertain,  the  special  senses  are  blunted 
There  is  tendency'  to  sieep. 

Consciousness  and  sensation  are  gradually  completely 
abolished,  and  this  constitutes  the  third  or  anesthetic  stage. 

In  the  paralytic  stage  proper,  the  symptoms  arc  those  of 
begituting  meduHary  paralysis :  The  respiration  is  slow  and 
stertorous,  the  pulse  scarcely  discernible.  Skin  cold  and 
cyanotic.  Pupils  generally  dilated.  Reflexes  abolished.  If 
very  large  doses  have  been  taken  on  an  empty  stomach,  tliese 
paralytic  sym]>toms  come  on  at  once.  Fatal  cases  from 
acute  poisoning  arc  very  rare :  in  these  the  coma  grows 
deeper,  and  death  finally  results,  usually  from  edema  of  the 
lungs  or  btopp.'i^re  of  respiration.  In  subacute  cases  it  may 
occur  suddenly  during  convalescence  as  a  result  of  the 
gastric  irritation,  or  from  the  debilitation.  The  fatal  dose  is 
stated  as  60  to  180  Gm. 

Ordinarily,  however,  the  course  is  very  slow,  and  almost 
always  ends  in  recovery.  The  coma — if  tlie  intoxication 
has  progressed  so  far — passes  into  natural  sleep,  and  on 
awakening  there  follows  a  scries  of  symptoms  pointing 
mainly  to  acute  gastric  catarrh,  and  grouped  by  the  Ger- 
mans under  the  name  of  "  Katzcnjammer "  :  headache, 
coated  tongue,  loss  of  appetite,  irritable  stomach,  muscular 
pains,  etc  These  show  curious  peculiarities  forthe  various 
alcoholic  liquids. 

Directing  more  particular  attention  to  the  effects  upon 
the  medullary  centers,  a  primary  direct  paralysis  may  be 
made  out.  although,  as  has  been  said,  this  may  be  preceded 
by  reflex  stimulation.  Normally  and  when  no  excitement 
is  present,  the  respiration  is  slowed.  As  to  the  circulation, 
the  heart  is  unaltered  in  rate,  or  later  slowed  and  lessened 
in  efficiency,  due  to  a  direct  muscular  effect.  The  vaso- 
motor system  is  not  affected  b>'  moderate  doses,  except  that 
the  cutaneous  vessels  show  quite  a  marked  dilatation,  which 
is  of  considerable  therapeutic  import.    Its  mechanism  is  not 
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known.  A  dilatation  of  the  vessels  of  the  stomach  U  due 
to  a  local  irritant  action.  The  area  involved  in  the  vaso- 
dilatation is  not  sufHcientty  extensive  to  effect  any  fall  in 
bhod  pressure,  which  remains  unchanged.  In  the  fourth 
stage  there  is  a  paralysis  of  the  vasomotor,  as  of  all  other 
medullar}'  centers  ;  and  consequently  a  fall  of  blood  pres- 
sure. 

These  remarks  upon  the  action  of  alcohol  on  the  circu- 
lation apply  only  to  the  normal  individual.  With  dcbiHtaWd 
indh'iduals  it  may  markedly  raise  the  rate  and  efficiency  of 
the  heart,  and  consequently  the  blood  pressure,  probably 
mainly  by  acting  as  a  food. 

As  a  conatquencc  of  the  cutaneous  vasodilatation,  there 
is  ^  faU  in  the  tanpcraiurc  of  the  body,  especially  wlien  tlie 
external  temperature  is  low.  At  the  same  time  there  is  a 
sensation  of  warmth,  and  an  actual  rise  of  the  temperature  of 
the  skin,  through  this  increa.sed  cutaneous  circulation. 


111.  EFFECTS  OF  ADMIXTURE  OF  OTHER  SUBSTANCES 
(ETHERS.  ETC.). 

Before  leaving  the  actions  of  ftlcohol  on  the  cenirel  tifrvous  s>-stnn,  wme 
pecuturity  of  aciiun  pofts^tsed  l>y  lhc<lifTcr«ni  romisof  spirits  mny  bcdiscus««<l. 
Tfar>e  <lireT^no;»  fnim  the  typical  (rnrttA  aiv  due  luaiiily  to  substances  other 
th^n  slaihol.  but  fur  the  tno^t  part  nut  known. 

Beer  owes  its  marked  hypnotic  quulities  to  the  lupulin  of 
the  hups  as  well  as  to  the  alcohol.  Some  wines  are  also 
hypnotic,  whilst  others — the  majority — arc  exalting. 

The  diuretic  action  of  gin  is  largely  due  to  the  essential 
oils  contained  in  it.  Partially  fermented  wines  produce  par- 
ticularly often  a  disturbance  of  the  equihbrium,  sometimes 
seen  witli  other  forms  of  spirit — the  individual  becomes 
"knee  drunk,"  i.e.,  incapable  of  maintaining  the  upright 
position,  before  the  paralysis  of  the  mental  functit^>ns  has 
progressed  to  a  great  extent.  Absinthe  produces  hallucina- 
tions and  finally  epilepsy. 

The  stronger  spirits  contain,  besides  alcohol,  substances 
which  may  pharmacologically  be  divided  into  two  group.s  ; 
those  that  give  the  bouquet  (flavor)  and  have  no  other 
marked  action  ;  and  those  that  have  a  deleterious  effect 
The  latter — which  arc  commonly  called  impurities — are 
largely  destroyed  by  age.  The  most  common  is  amyl 
alcohol  (fusel  oil). 
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The  action  of  these,  as  far  A*  studied,  is  upon  the  whole,  aaAr  «» 
that  of  alcohol  itself,  but  more  toxic.  'I~he  htf^krr  eikm  are  miA.  ia  hm  ■■» 
stimulant  to  respiration.  The  ttldrhyds  have  «  fttronglr  irtttaM  moamm  wm. 
mucouH  inenilirane — as  shown  by  formaldehyd  or  icrolein  (iTIjl  ■lilihjifci  fla 
vapivs  of  Dverhealed  falljr  oil),  llie  relnlive  (oxioty  c4  ibc  Ugker  alafcal* 
hn*  already  been  given  |p.  4I4)-  The  mml  impuriant  i»  tfiwy/  afcaJa/,  ^  «»- 
culled /ui^/oiV.  It  hsj>  a  more  violent  acute  action  and  more  proBOKaeed  iAv- 
efTect  than  the  elhj-1  alcohol.  Bui  it»  admixture  up  10  1 4  preJatcj  ^taj  fidr 
difference  in  ncute  tnloxicalion.  f-'urfurd.  whicti  was  (aratAj  lieSe*<4  to 
mtKlify  the  tinluri-  of  the  iiiloxicatton,  does  not  appear  to  do  Mu  BhI  il  ■■■ 
be  laiil  that  this  whole  ^^ubjcct  \i  much  in  need  of  thorough  mrealiptiam. 
Natural  tiroiig  npinis  roiilain  the  following  ainoanti  of  the«e  echas»  «fc.: 


Fkvnch  Brandy   . 
Cntlfdtnla  Hmiidy 
janmica  Rum  . 
ratlaria  Arac  .    . 


IL 


•  49.75     o    jaoja  0.00110.004     o    [01,0^  0.001 0.CIO 

•  45-83       O     '0.0310.0030.003'      O     [o_0430i0040LOOt 
.    67.080.010  0.103  O.DO5  0-012  0.023  0  695  <lL009  00;i 

.  150.83  D.014.0.157  0.007  o.oo9|o.oiio.345A009|«^ou 


'Y** 


-1—  -^*,-«'«-»TrL'*' 


Artificial  liquors  are  made  by  the  admixture  of  edicrs 
and  essential  oils  to  alcohol.  Their  action  is  not  untfonn. 
but  it  is  ^ent;rally  more  irritating  locally,  and  more  injurioas 
to  the  brain. 


IV.  THEORIES  OF  THE  ACTION  OF  ALCOHOL. 

Alcoliol  and  the  members  of  this  group  are  amongst  the  very  few  Aagi 
with  which  it  has  been  attempted  to  reach  (he  real  explanatioo  of  the  pkie- 
nomcna,  and  to  go  behind  the  bare  ttalcmcnl  ihiu  tfacr  act  stimadaliapy  <r 
depressingly  on  such  and  such  structures.  .\  number  of  bypolbeses  W*c  been 
advanced,  but  (be  question  cannot  be  considered  as  couclu<.ii-ely  answered. 

In  the  fini  place,  it  was  suggested  that  these  narcotics  renderfJ  tkt  Utui 
imraf^hU  of  m^unshing  the  hrain,  in  some  mysletiouK  manner.  Bnt  SKC 
chlorofiana  acts  upon  a  frog  whose  bratn  has  previously  been  deprived  of  all 
nourishmeot  by  replacing  it;*  blood  with  normal  salt  solution,  this  tfaeofy  oi»- 
tK4  stand.  Tlie  same  objection  holds  against  the  theory  tliat  the  naicoMS  is 
produced  by  in&uBtcienl  nourishment  of  the  brain  through  Juturisnin  t»  ift 
tuxukktitm.  Nor  are  all  observers  agreed  on  ju>t  what  these  cfaangrs  arc; 
thry  must  be  looked  upon  as  incidental  rather  than  causative.  Tbey  are  dve 
probably  to  the  eflfecu  of  alcohol  on  (he  circulation  elsewhere— the  dilatazioa 
of  the  splanchnic  and  cutaneous  vessel!',  etc.  It  omst  be  considered  as  pcoind 
that  lhe<«  narcotics  act  directly  upon  the  nenre  cells.  In  regard  lo  thta,  tbete 
are  three  main  theories,  two  based  upon  chemic,  the  other  upon  histologic, 
evidence. 

Htn«  believed  that  there  is  an  actual  coapttntiott  fftkf  firatoftatm  aftkt  tttl. 
Tbi*  view  seems  unsupported  by  any  evidence,  imd  ii  is  very  donbtful  wbethet 
nrr<t(iplNsm,  once  it  is  cnagiilated,  could  ever  again  become  functionally  active. 
The  fecotid  theory,  that  of  Meyer  and  Bniim,  seems  upon  the  wtinle,  the 
niMii  acceptable.  According  lo  this,  the  narcotics  act  by  virtue  of  their  -tMrnify 
jof  f,\lt.  It  i»  Well  kiKiwn  that  they  are  much  more  wluble  in  fat  inan  io 
walrir  J  and  IheM  authors  assume  that  ihey  enter  into  solution  in  the  &t  of  (be 
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cell,  ili>p1tu.iai;  its  water.  lu  support  uf  this  ricw  they  {MMiit  out  that  the 
ilrcngih  of  the  narcotic  jictjon  is  ]>rn|X)rliQm»l  to  ihc  solubility  in  frtl.  A  cell 
in  which  the  water  n  replacetl  larg^^ly  by  iWta  furci(>n  MjbsUncc  cannol  likely 
runctioaatc  in  a  nurmal  n]aniK.T,  wliihl  it  mny  be  rosily  undcrntoad  how  tlicy 
may  return  to  DontuI  once  the  foreif^n  substAnce  is  again  excreted.  According 
i>>  this  theory,  any  iub»taDCc  Miluble  in  fat  would  act  as  a  narcotic,  ami  this  is 
indeed  the  case,  fiince  nervous  tissue  is  e>]>eciaily  rich  in  fat,  it  is  alw  caKtly 
oodcrrtDod  why,  on  thi«  theory,  there  should  be  a  sclcctiTc  action  for  this 
ti»iie. 

The  Inking  of  red  corpuscles  which  tliey  produce  seems  to  depend  opon  a 
solution  of  the  *tmmn,  brought  about  in  a  similar  manner. 

A  Imi  theory  is  based  upon  changes,  in  the  histoitfgic  appearances  {Nissl 
method)  of  (he  rwrvc-cetU  in  acute  and  chronic  alcohol -poisoning  (fusion  and 
djmintitton  of  the  puiules.  Fig.  69).   The  dendrites  of  many  pyramidal  cells 


Fig.  69^ — Alcohol  un  Purkinje  cells,  cat — NissI  stain  (afler  C.  C.  SlcwartJ : 
I,  Normal ;  2,  alcohol  for  lifly  niinules  ;  3,  for  Gfty-foui  hours. 

^low  mtiniliftrrm  enlargenieatii.  I'heK  chan^e^  huve  completely  dUappored 
in  forty-eight  hours,  even  when  caused  by  chforuform  nne«ithc.sia  laiiting  nine 
boun.  'Hiesc  phenomena  do  not  contiict  with  Meyer's  view,  ihat  the 
chiinge«  are  caubcd  by  (he  displacement  of  wuter  by  the  iiaicutic  llic  hypathcus 
which  had  been  advanced,  trial  the  narcosis  depends  u|Min  a  rctnicliun  of  ibe 
dcndritjc  piocc»3c»,  appears  tu  be  bo-sed  at  preaeiil  purely  un  speculation. 


V.  ACTION  UPON  PARTICULAR  FUNCTIONS, 
On  account  of  the  great  imiHirtance  attachiiig  to  the  use 
and  action  of  alcohol  in  ordinary  doses,  it  will  be  useful  to 
summarize  again  what  is  known  concerning  its  influence 
upon  particular  functions. 

I.  Influence  of  Alcohol  upon  Digestion.  —  Alcohol 
could  bn:  conceived  as  infltiuiicini^f  tlic  pruCt.ss  of  digestion 
by  acting  on  the  ferments,  on  secretion,  on  the  movements 
of  the  alimentary  canal,  or  on  absori^tion.     And,  in  fact,  it 
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acts  in  all  of  these  ways.     (All  the  dilTerent  alcohols  agree 
qualitatively  in  their  action  on  these  functions.) 

(a)  Action  on  Ferments. — Since  alcoliol  is  very  readily 
absorbed,  and  no  groat  amount  of  it  reaches  the  intestine,  it 
can  only  influence  the  ferments  of  the  stomach,  and  its  action 
on  pepsin  is  alone  of  practical  interest  It  is  found  that  in 
vitro-^and  tliere  is  no  reason  to  suppose  that  it  acts  any 
differently  intra  litatn — - 

I  %  to  J  %  of  aI«»hol  increases  tlie  rapidity  of  peptic  digeatioo. 
Up  to  15''^  I  ■(  caiLMTs  no  {)crcc]>tiblc  relardntinn. 
l^'fr  to  18;!^  :  the  digcMinti  is  r«><liiced  by  one-fourth  toone-third. 
20<1f<  :  the  digcstit-n  is  strongly  inhibited. 

Beers  and  wines  have  a  slightly  more  unfavora.ble  effect  on 
account  of  the  extractive  matter  contained  in  them. 

(b)  Effect  upon  Secretion  of   Diji^estive  Juices. — Here 

also  saliva  and  giistric  juice  need  alone  concern  us. 

Saliva:  The  pi-escnce  of  alcohol,  strong  or  dilute,  in  tlie 
mouth  increases  the  amount  and  tJie  solids  of  tlie  saliva,  just 
as  do  many  other  substances  (acetic  acid,  ether,  etc.).  This 
increased  secretion  dnes  not  take  place  if  the  alcnhol  is  intro- 
duced directly  into  the  stomach  through  a  fistula. 

Gastric  Juice:  The  amount,  the  acidit>',  and  the  solids 
are  very  markedly  increased,  even  when  the  alcohol  does 
not  come  into  direct  contact  with  the  gastric  mucous  mem- 
brane, but  is  introduced  directly  into  the  intestine.  This 
juice  is  stn^ngly  proteolytic. 

(c)  Movements  of  Alimentary  Canal. — These  show  a 
quickening. 

(d")  Effect  upon  Absorption. — The  alcohol  itself  is  very 
rapidly  absorbed  :  50  c.c.  of  a  20*/c  alcohol  disappear  from 
the  stomach  of  a  dog  in  less  tlian  half  an  hour ;  and  with 
the  duodenum  ligatcd,  200  c.c.  nf  a  37^  alcohol  are  com- 
pletely absorbed  frt^n  the  stomach  in  three  to  three  antl  a 
half  hours.  The  absorption  of  other  substances  is  also^ 
favored  by  it 


The  effects  upon  the  digestive  organs  are  all  merely  ex- 
pressions of  its  heal  irriiatit  action  :  This  produces,  in  mild 
stages,  increased  vascularity;  and.  partly  as  a  result  of  this, 
partly  through  a  direct  action  upon  the  cells,  an  increase  of 
secretion,  of  movement,  and  of  absorption. 

In  severer  grades — such  as  are  produced  by  the  stronge 
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Spirits — it  causes  vomiting  and  diarrhea,  and  if  used  contin- 
uously, chronic  gastric  catarrh. 

To  SUM  u/i,  then,  the  experimental  data  bearing  upon 
the  effects  of  moderate  doses  : 

The  action  of  alcohol  on  digestion  is  a  purely  local  one. 
Only  gastric  digestion  need  be  considered,  since  the  alcohol 
does  not  reach  the  intestine. 

AMfratr  amttuM/j  tend  to  fazi«r  the  process  of  digtstioM  thrtmsk  an  tHtreased 
utrttitn  af  pToltclytu  juUt,  thrtrugh  inertmrd  gaiXru  mavtment  and  intrfiufd 
ahiprptien.  With  a  perceutagt  of  aUohol  above  /j,  these  are  tauttleraeted  by 
tkt  tiu****d  ferment  a<ttoH, 

The  actual  result  will  depend  upon  which  of  these  two — 
the  beneficial  irritant  or  the  deleterious  anti-ferment  action 
— predominates.  Actual  experiments  on  intra  vitam  diges- 
tion are  not  yet  sufficiently  numerous.  Hut  as  far  as  Uiey 
go.  thej''  show  that  in  the  dog  the  time  required  for  the 
(Jigestion  of  meat  is  about  the  same  with  antl  without  alco- 
hol ;  and  metabolism  experiments  in  man  also  prove  that  it 
docs  not  diminish  the  utilization  of  food. 

Small  amounts  of  weak  alcohol  taken  at  meals  cannot, 
therefore,  have  a  bad  effect  upon  digestion,  and  may  even 
act  favorably.  The  alcohol  should  not  be  taken  in  strength 
greater  than  perhaps  20  ^  :  even  this  would  be  too  strong 
did  it  remain  for  any  length  of  time  ;  but  it  is  absorbed  so 
rapidly  that  this  strength  would  very  soon  reach  tlic  favor- 
able hmit. 

Large  quantities  of  alcohol,  however. — and  especially 
when  in  concentrated  form, — produce  an  irritation  which 
surpasses  the  physiologic  limit  and  interferes  with  the 
functions ;  and  this  is  seen  most  markedly  in  chronic  cases. 

2.  Fate  of  Alcohol  after  Absorption. — A  question 
which  attaches  itself  closely  to  the  effect  of  alcohol  upon 
digestion  is  that  of  its  fate  after  absorption  ;  or,  as  the  ques- 
tion is  usually  put:  Is  it  a  food  or  a  poison?  Is  it  used 
up  in  the  economy,  or  does  it  act  as  a  foreign  body  ? 

The  answer  must  be  :  both. 

All  the  effects  so  far  studied  go  to  show  that  it  always 
acts  as  a  poison  or  as  a  foreign  body.  The  extent  to  which 
it  acts  as  a  food  depends  upon  complicated  conditions ; 

Only  a  small  part  (less  than  10^)  of  the  alcohol  is  ordi- 
narily excreted  unchanged.  The  exact  amount  varies  with 
the  quantity  ukcn. 
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With  medicinal  doses,  the  amount  excreted  tlirough  ; 

Lungs  =  0.5  ^  to  6fc  ; 

Kidneys  —  at  most  i^  to  2^^  ; 

Skin  and  Intestines  =^  none. 

To  this  may  be  added  a  very  small  amount  (to  0.3 
in  the  milk,  if  the  quantity  taken  is  vcr>-  large;  none,  if 
moderate.  Alcohol  ma>'  be  demonstrated  in  tlie  blood  for 
twenty-four  hours  after  intervcnous  injection  of  large  doses. 

The  unexcreted  alcohol  must  be  oxidized,  with  the  ulti- 
mate production  of  CO^  and  IIjO.  and  the  iidt'ratioN  of 
fficr^}'.  It  has  been  contended  by  some  that  the  cncrg\'  so 
liberated  is  nut  utili^ced  in  the  body  :  that  it  is  used  u{)  in  the 
production  of  heat,  and  is  lost.  Hut  it  has  been  definitely 
shown  that  it  does  not  lead  tn  an  increase  of  O  consumption 
or  COj  production.  It  must,  therefore,  take  the  place  to  a 
certain  extent  o\'  the  ordinary  sources  of  energy — carbohy- 
drates and  fats.  To  tliis  may  be  added  a  further  saving  of 
cnerg>'  from  lessened  movement  when  the  alcohol  has  a 
quieting  effect.  Hut  alcohol  is  not  a  perfect  substitute  for 
carlxjh\d rates  and  fats  ;  for  the  latter  may  to  some  extent 
replace  the  nitrogen  of  tht;  diet,  whilst  alcohol  does  not  ap- 
pear to  possess  this  property :  If  alcohol  is  substituted  for 
carbohydrates  or  fats,  it  leads  to  a  loss  of  nitrogen,  and 
it  effects  no  saving  if  added  to  tlie  ordinary  diet  The 
other  hydrocarbon  narcotics  act  similarly, ^^ 

It  has,  tatlifcd,  been  clainifHl  l}uit  if  alcobol  saves  fat  and  fat  saves  proteid, 
then  alcohol  must  save  prnlcid.  The  fallacy  of  tbtii  reasoning  lies  in  »u(t]j«sir»g 
thai  the  nitrogen  is  cun^uinci)  as  a  source  of  encr};y :  this  it  utily  incuIcDtal, 
the  main  consumplioii  being  in  what  might  he  railed  '*  wear  and  Wnr  «f 
machinery."  Now,  of  two  samples  of  coal,  rumisluni;  an  equal  amoitrit  </ 
energy,  one  may  be  much  more  wearing  [o  the  engine.  AtkI,  similarly, 
altfaouKh  fat  and  alcohol  both  furnish  energy,  the  fonncr.  at  the  same  time, 
saves  the  nitrogenous  molecule,  whcicas  the  laller  wastes  it 

Briefly,  then,  alcohol  can  to  a  certain  extent  taVe  the  place 
of  carbohydrates  and  fats  in  food  ;  or  where  the  diet  is  in- 
sufficient, it  will  save  these  constituents  of  the  body.  In 
this  case — wkerf  the  diet  is  iusufficu-nt,  whether  this  be  from 
insufficient  supply,  from  faulty  digestion,  or  from  extra- 
ordinary consumption — the  food  value  of  alcohol  is  con- 
siderable. 

When,  on  the  other  hand,  ///*•  food-supply  is  ampie,  this 

1  Other  obKrverfi  claim  thai  alcohol  saves  nitrogen,  when  the  bodj  bM 
grown  accustomed  to  il.  The  bulk  of  (he  evidence  xvms  to  be  in  fiivoc  of 
the  view  given  in  the  text. 
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combustion  of  alcohol  is  harmful.  For  it  then  prevents  the 
complcti:  combustion  of  the  ordinary  foods  ;  and  the  incom- 
pletely oxidized  waste  products  are  then  excreted,  and  arc 
in  this  way  lost  to  the  orjjanism  ;  or  they  .'ire  retained,  and 
then  favor  the  development  of  tatty  degcnenition  of  various 
organs. 

The  actual  observations  on  the  effect  of  alcohol  in  mod- 
erate doses  on  nutrition  have  led  to  the  following  con- 
clusions : 

1.  Witli  a  diet  on  which  the  individual  gains  in  wdglit. 
the  addition  of  alcohol  lowers  the  rate  of  increase. 

2.  When  added  to  a  diet  on  which  the  weight  remained 
constant,  it  tends  to  cause  a  loss  of  wciyht. 

3.  With  insufficient  diet,  it  lessens  the  loss  of  weight,  or 
may  even  cause  a  gain. 

VI.  THERAPEUTICS  OF  ALCOHOI- 

The  most  frequent  internal  use  of  alcohol  is  tliat  of  a 
"  stimulant,"  using  the  term  in  its  practical  meaning.  That 
the  nature  of  tliis  stimulation  is  not  the  same  in  all  cases  is 
sufficiently  indicated  by  the  fact  that  it  is  usetl  in  three  very 
different  conditions :  in  shock,  in  fever,  and  in  debility. 
The  manner  in  which  the  stimulation  is  brought  about  in 
these  cases  requires  some  further  elucidation  in  order  that 
the  drui:;  may  be  rationally  emploj'cd. 

I.  In  Shock,  €spt'€iaUy  trauma tk  :  Hemorrhage ;  Sudden 
IWaketting  of  the  Hiart :  Snake-bitc,  etc. — The  value  of 
alcohol  in  these  Cf>nditions  can  scarcely  be  doubted.  Its 
explanation  is  quite  complex,  since  it  acts  in  a  number  of 
ways: 

{a)  By  producing  an  analgesia,  at  least  paitial ;  and,  at 
the  same  time,  its  psychic  effect — tlie  more  cheerful  and 
courageous  condition  of  mind  which  it  induces — is  of  value. 

{h)  By  tlie  depression  of  the  central  nervous  system 
which  it  produces  in  larger  dns*'s.  Deprt-ssed  centers  arc 
not  so  subject  to  shock,  as  is  shown  by  the  fact  that  ex- 
tensive operations  are  much  less  apt  to  produce  this  con- 
dition under  anesthesia. 

(c)  By  a  genuine  reflex  stimulation  :  With  the  usual  way 
of  taking  the  .spirit,  this  occurs  from  the  nixicous  membrane 
of  the  mouth  and  stomach.  The  same  reflex  stimulation 
may  be  obtained  through  the  nose  ;  spirit  of  ether  is  espe- 
cially useful  in  this  connection  ;  and  the  smell  hi  g-sa  Its  also 
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owe  their  action  in  part  to  alcohol.  A  more  powerful  reflex 
stimulation  may  be  obtained  by  the  hypodermic  injec- 
tion of  alcohol  or  of  ether,  or  of  spirits  of  camphor  (one  or 
two  syringes). 

Thestronjjcr  preparations  of  alcohol  are  the  best  for  this 
purpose. 

3.   Use  in  Fever,  Oiills,  Inflammatory  Conditions,  ctc- 
Alcohol  acts  here  in  the  following  manner  : 

(rt)  Through  dilatation  of  the  cutaneous  vessels  (see  p.  303' 
and  Chap.  XXI,  C).  Tins  increases  the  loss  of  heat,  removes 
blood  from  congested  internal  organs,  and  lessens  the  resist- 
ance to  the  work  of  the  heart.  This  temporary*  relief  of 
the  lieart  is  often  all  that  is  required  to  restore  its  powers, 
anii  the  j>ulse  will  become  more  regular  and  stronger.  The 
antipyretic  action  is  not  vcr>'  lasting^. 

This  action  on  the  cutaneous  vessels  is  possessed  in  still 
greater  degree  by  Sp.  ^ther.  Nitr.,  which  in  so  far  may  take 
its  place. 

(^)  Through  its  narcotic  action,  counteracting  the  ner- 
vous phenomena  of  fever  and  inducing  quiet  and  rest. 
This  in  turn  diminishes  the  demands  made  upon  the  strength 
of  the  patient. 

(r)  Its  action  as  a  food :  The  metaboHsm  in  fever  is  very 
greatly  increased,  and  the  assimilative  powers  at  the  same 
time  Lliniinished.  Whilst  this  increased  tax  falls  very  largely 
upon  the  nitrogenous  part  of  the  body,  the  drain  upon  the 
carbohydrates  and  fats  is  also  very  serious.  And  these  la,si 
can  be  met  very  largely  by  alcohol,  which  possesses  the 
advantage  over  ordinarj'  foods  of  very  ready  absorption. 

{d)  The  diuresis  may  be  useful  in  removing  toxins,  etc. 

The  employment  of  alcohol  in  fever  must  still  be  looked 
upon  as  largely  empirical ;  for  it  is  impossible  to  tell  a  priori 
to  what  point  its  depressing  action  on  the  central  nervous 
sj'steni  will  be  useful  and  where  it  will  begin  to  be  detri- 
mental. The  individual  observations  in  each  case  can  alone 
guide  its  employment :  As  long  as  it  improves  the  promi- 
nent symptoms,  the  dose  may  be  increased.  As  soon  as  it 
ceases  to  tlo  so.  it  should  be  diminished  or  stopped.  It  is 
frequently  astonishing  to  see  the  quantity  which  is  borne 
without  harm  in  fever  and  without  producing  "intoxica- 
tion." This  must  be  attributed  largely  to  its  more  rapid 
oxitlation.  The  amount  given  must,  of  course,  also  be 
governed  by  the  previous  habits  of  the  patient. 
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With  regard  to  the  use  of  alcohol  against  chills  and 
exposure,  it  must  be  reiterated  tliat  the  time  for  taking  it  is 
after,  not  during,  the  exposure.  If  the  latter  is  done,  whilst 
it  causes  a  temporary  relief  and  feeling  of  warmth,  this  is  ob- 
tained at  the  expense  of  an  increased  loss  of  heat,  and  con- 
sequently diminished  power  of  resistance.  But  if  taken  after 
the  exposure,  the  dilatation  of  the  cutaneous  vessels  favors 
the  absorption  of  external  heat,  and  also  prevents  the  ten- 
dency to  congestion  of  internal  organs. 

In  all  these  conditions  the  alcohol  is  taken  as  concen- 
trated spirits,  diluted  with  at  least  tqual  amounts  of  water. 

Alcohol  should  not  be  used  in  nephritis. 

3.  In  Convalescence  and  General  Debility.  —  The 
underlying  conditions  are  here  so  obscure  that  no  etiologic 
treatment  can  be  employed.  There  is.  in  fact,  no  organic 
lesion,  and  in  all  such  cases  a  gieat  deal  may  be  expected 
from  improvin}:j  the  symptoms.  This,  like  nursing  and 
hygiene,  increases  the  comfort  and  well-being  of  the  patient. 
and  starts  him  on  the  way  to  improvcmenL  Alcohol  meets 
these  indications  in  an  excellent  manner :  The  feeling  of 
well-bcmg  caused  by  it,  the  enjoyment  in  the  act  of  taking 
it,  the  rest  and  sleep  induced  by  its  narcotic  action,  its  food- 
value  and  its  beneficial  effects  upon  digestion,  all  concur  in 
its  action.  To  this  may  be  added  its  slight  but  certain 
cflccts  upon  the  vascular  system, — the  altered  distribution 
of  blood,  the  diminished  resistance  to  the  heart, — which 
may  be  of  benefit  in  some  cases. 

For  these  purpases,  alcohol  is  usually  taken  in  the  form 
of  hght  wines. 

4.  The  narcotic  and  hypnotic  effects  of  alcohol  arc 
also  utilized,  the  former  in  melancholia,  neuralgia,  and  some 
otlicr  obscure  nervous  diseases ;  the  latter  in  insomnia. 
Whilst  the  effects  arc  undoubtedly  beneficial,  there  exists  a 
very  gr«at  danger  of  imlucing  chronic  alcoholism,  esjx-cially 
tn  the  first  class  of  cases.  It  must  certainly  be  used  with 
very  great  caution.  The  stronger  spirits  are  best  adapted 
for  obtaining  the  narcotic  effect ;  beer,  for  the  hypnotic. 

5.  Indigestion. — From  what  was  said  on  page  425  it 

twill  be  easil)'  understood  that  it  does  not  act  equally  well  in 
all  cases.  Whilst  the  clinical  interpretation  of  the  various 
forms  of  indigestion  is  not  as  yet  so  perfect  as  to  enable  us 
to  tell  the  pathology  of  those  cases  in  which  alcohol  is  use- 
ful or  not,  it  might  be  expected  to  be  of  benefit  where  there 
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is  a  faulty  circulation,  whilst  it  would  be  hamiful  where  the 
amount  aC  femicnt  secreted  is  small  and  not  capable  of  in- 
crease. Certain  wines  become  injunotis  on  account  of  tlieir 
acidity.  Those  wines  containin*^'  tannin^and  this  includes 
especially  the  red  wines — are  detrimental  to  digestion  in 
virtue  of  tliis.  They  are  sometimes  used  against  diarrhea 
on  account  of  their  astringent  properties.  Brandy  is  also 
used  against  diarrhea.  Tliis  probably  rests  upon  tlie  bene- 
ficial ciTccts  of  an  increased  circulation. 

Champaj^e  is  also  used  as  an  antemetic.  Its  action  in  this 
case  depends  upon  the  COj  rather  than  on  the  alcohol. 

As  contraindications  to  the  internal  use  of  alcohol  may 
be  mentioned  : 

The  danger  of  form;ing  a  habit. 

Gastric  irritation. 

Urethral  disease  or  nq>hriti5. 

6.  The  /(jca/  actt'tr/rs  of  alcohol  arc  also  frequently  used' 
The  cooling  produced  by  its  evaporation  is  verj*  j^rateful  m 
fever,  and  it  is  frequently  used  for  sponging  the  skin.  Tl>c 
local  use  of  alcohol  is  of  further  benefit  in  this  condition  by 
preventing  tlie  development  of  bedsores  throuj^h  its  mild 
irritant  action.  The  same  property  determines  its  use  on 
ulcers.  Used  in  a  more  concentrated  form  and  kept  from 
evaporating,  it  acts  as  an  excellent  rubefacient,  and,  in  the 
form  of  tinctui^es,  it  forms  an  important  ingredient  of  most 
liniments. 

It  is  scarcely  nccessarj'  to  refer  to  the  great  pharmaceutic 
importance  of  alcohol,  depending  upon  its  solvent  powers. 
Tt  must  be  remembered  that  it  forms  an  ingredient  of  very 
many  pharmaceutic  products — tinctures,  fluid  extracts,  and 
spirits. 

Vn.  II.VBITUAL  USE  OF  ALCOHOL 

//  may  be  eonsidtTid  as  proved — 'Some  authorities  to  the 

contrary  notimthstaiuiin^^ — that  a  certain  amount  of  alcohol 
{i*ariaMc  in  individual  cases)  may  he  taken  daily  without  any 
demofistrablc  permanently  injurious  effect.  But  it  stands 
equally  certain  that  it  is  as  dispensable  to  the  organism 
as  nicotin  or  caffcin,  and  that  it  must  be  looked  upon  purely 
as  a  luxur}'.  The  injur)'  done  by  such  use  of  alcohol  lies 
alone  in  the  fact  that  it  is  so  apt  to  lead  to  the  use  of  im- 
moderate amounts. 

With  such  excessive  use  a  train  of  phenomena  results. 
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which  may  be  grou|)ed  together  under  the  name  of  chronic 
alcoholism,  and  which  depend  in  part  upon  the  irritant 
action  of  the  alcohol,  in  part  upon  specific  injur>'  to  the 
neurons. 

The  first  effects  arc  heal,  and  depend  larjjcly  upon  the 
concenti'atioii  of  llie  spirits.  They  consist  of  a  catarrh  of  the 
'*vh»i€  aiinientary  atnol,  progressing  from  the  pliarjnx  down- 
ward. They  arc  cliaractcrizcd  by  the  usual  symptoms  of 
catarrhal  gaslro-enteritis :  loss  of  appebte,  gastric  distress, 
irregularity'  of  sto«ils,  longing  for  spices,  etc.  The  chronic 
catarrli  leads  to  malnutrition  and  emaciation  when  strong 
spirits  are  used.  It  also  appears  to  constitute  a  predi.spos- 
ing  factor  to  carcin«>ma  of  these  organs.  In  tlic  case  of 
excessive  beer-drinking  the  habitual  overdistention  of  the 
stomach  leads  to  clnonic  dilatadon. 

The  continued  presence  of  alcohol  in  the  body  sets  up  a 
series  of  irritant  litui  dcgeiieratii^e  phettoutftta  in  various 
otJuT  organs  with  which  it  conies  in  contact.  These  changes 
con^^ist  in  fatty  infiltrations,  cellular  degenerations,  and 
hypertrophy  of  connective  tissue.  The  necrotic  changes  in 
the  tissue  cells  must  be  attributed  to  the  continued  iiritation 
from  the  constant  presence  of  the  alcohol :  and  to  this  must 
be  added  the  interference  with  circulation  due  to  the  changes 
which  alcohol  causes  in  the  blood-vessels.  These  two — the 
direct  irritant  action  o^  alcohf)l  on  the  cells,  and  the  im- 
paired circulation — arc  insep^irably  connected  in  tlic  pro- 
duction of  the  degenerations.  Of  these,  the  fatty  are  the 
most  common,  since  alcohol,  by  its  combustion,  prevents 
the  normal  consumption  of  fat.  Connective-tissue  forma- 
tion results  as  the  ordinary  consequence  of  necrosis  of  the 
parenchynta. 

Tliese  changes  are  proportional  to  the  coitrtrttratiifft  of  the 
alcohol.  And  since  this  is  naturally  greatest  in  tlic  liver, 
kidneys,  and  blood  vessels,  these  organs  show  the  action 
6rst  and  most  prominently.  And  in  the  hver,  again,  the 
ptrif^htry  of  the  hbuUs  is  mainly  affected,  on  account  of  the 
anatomic  relation  to  the  porta!  vein.  ^ 

Next  in  point  of  time  comes  the  action  on  the  blood- 
I'essiis.  This  is  of  especial  import,  since  it  contributes 
irMtcrially  to  the  degenerations  in  other  organs.  The  prin- 
cipal changes  are  in  the  intima :  there  are  fatt>'  dcgenera- 

'  It  is  ctainu-rl  that  ihr  drgenrralion  of  th«  ItTer  cin  be  avoided  in  atiimaU 
by  tbe  ■dounismtioD  of  cane-sogAr. 
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tions,  loss  of  elasticity,  and  atlicroma.  These  may  lead  to 
ruptures  (apoplexy,  etc.). 

The  degenerative  changes  in  the  Indneys  lead  to  nephritis, 
with  cirrhosis,  albuminuria,  diminished  secretion  of  urine, 
secondary  weakening  of  the  licart,  etc.  The  htart  itself, 
however,  in  common  with  skeletal  muscle,  shows  primaiy 
fatty  degeneration.  This,  together  with  the  atlicroma.  etc, 
tends  to  hypertrophy  and  dilatation  of  the  viscus,  and  later 
to  dropsies,  etc.  The  fatty  changes  in  voluntary  niuscU  lead 
to  muscular  debility,  especially  in  becr-dnnkers.  in  whom 
there  is  more  material  for  fat  formation. 

The  respiratory  organs  show  a  chronic  catarrhal  inflam* 
mation  of  the  passages,  and  a  disposition  to  fatal  pneumonia. 
Changes  in  the  skin — vascular  ccchymoses.  acne  rosacea, 
disposition  to  furuncles  and  carbuncles — may  be  counted 
amongst  the  earlier  actions. 

These  various  anatomic  lesions  of  important  organs  result 
in  a  pronounced  lowering  of  the  "  powers  of  resistance," 
and  a  high  mortality  with  infectious  diseases,  operations, 
etc.  Part  of  this  may  be  due  to  a  lowered  alkaUmt\'  of  the 
tissues  through  the  partial  oxidation  of  alcohol  into  fatty 
acids. 

The  effects  of  chronic  alcoholism  upon  the  Central  ner- 
vous system  differ  from  the  above  in  that  they  are  partly 
functional.  Too  great  stress  cannot  be  laid  up«jn  the  im- 
portance of  habit  and  repeated  impressions  on  the  psychic 
activities.  The  constant  repetition  of  the  features  of 
alcoholic  excess  could  not  but  produce  in  this  manner  a 
permanent  moral  degeneration.  Hut  a.ssociated  with  tllis 
functional  feature  are  marked  organic  changes,  due  to  the 
same  causes  as  similar  changes  in  other  organs  ;  and.  lastly, 
it  must  be  remembered  that  alcohol  has  a  specific  action  on 
the  nerve-cells. 

Amongst  the  or^janic  lesions  which  have  been  observed 
are  :  Chronic  meningitis  witli  thickening ;  serous  effusions 
into  ventricles  ;  softening ;  tendency  to  hemorrhages  and 
apoplexy.  Histologically,  shrinkage  and  alterations  in  the 
staining  properties  of  the  cells  (Fig.  69)  and  changes  in  the 
dendritic  processes  have  been  averred. 

Clinically,  the  first  eflfects  are  shown  by  a  diminished  activ- 
ity of  the  individual.  This  occurs  even  with  very  moderate 
doses.  Later  there  is  a  diminished  acumen  of  the  special 
senses  and  of  the  reasoning  powers,  leading,  the  former  to 
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disturbances  of  vision,  the  latter  to  degeneracy  and  dementia, 
often  suicidal.  It  is  a  notewortiiy  fact  that  by  far  the 
greater  proportion  of  inmates  of  insane  asylums  and  prisons 
were  addicted  to  the  excessive  use  of  alcohol.  In  how  far 
alcohol  is  responsible  for  the  population  of  these  institutions 
— whether  the  abuse  of  alcohol  is  really  the  cause  of  these 
conditions  or  only  another  effect  of  the  underlying  disease 
— cannot  be  decided  at  present. 

On  the  part  of  the  motor  system  there  are  tremors,  and 
later  convulsions  and  paralyses,  the  latter  partly  the  result 
of  peripheral  neurites. 

The  influence  of  alcoholism  in  the  parent  on  the  offspring 
is  a  question  not  yet  definitely  answered.  It  is  certain  that 
the  nutrition  and  resisting  power  of  the  offspring  are  greatly 
impaired  by  it.  The  mortality  amongst  the  children  of 
alcoholics  is  very  high.  It  is  also  certain  that  psychic  de- 
generacy— epilepsy,  idiocy,  predisposition  to  crime  and  to 
the  abuse  of  alcohol — are  extremely  common  in  them.  But 
it  cannot  be  decided  whether  it  is  the  degeneration  induced 
in  the  parent  by  alcohol,  or  the  degeneration  underl-ying  the 
abuse  of  alcohol,  that  is  inherited.  The  latter  is  the  more 
likely. 

When  alcohol  is  taken  by  the  mother,  it  passes  acrnss  the  placenta  in  such 
amount  as  to  exist  in  the  same  concentration  in  the  blood  of  the  fetus  as  in 
that  of  the  mother. 

Alcohol  is  not  the  only  member  of  the  iiydrocarbon 
series  which  has  been  abused  as  an  intoxicant.  Ktlier, 
chloroform,  chloral,  and  even  turpentine  and  gasoline  have 
their  devotees.  Their  effects,  in  so  far  as  they  have  been 
studied,  correspond  closely  to  those  of  alcohol. 

VIII.  TREATMENT. 

The  treatment  of  acute  alcoholism  consists  in  e\acuation 
of  the  stomach  and  nervous  stimulants,  caffcin  or  strychnin. 
The  subsequent  headache  and  nervousness  are  met  by 
bromids. 

Cftronic  alco/iolism  can  only  be  treated  by  withdrawal  of 
the  drug.  Medication  is  of  u.^e  only  in  meeting  the  symp- 
toms. Irritants — especially  cap.sicum — are  useful  in  re- 
placing the  local  action  of  alcohol  ;  tlie  depression  should 
be  met  by  caffein,  the  insomnia  by  bromids.  Suggestion 
may  be  very  useful. 
28 


434 


SEKieS   OF    HVUROCAKBON    NARCOTICS. 


CH.  XIX. 


IX.  DEI.IRIL^  TREMENS. 

A  peculiar  disease,  specifically  characteristic  of  chronic 
alcoholism,  remains  to  be  mentioned,  namely  ddirtum 
tremens.  This  occurs  in  chronic  alcoholics  whenever 
their  forces  are  unusually  weakened — by  an  CNtraordi- 
nary  excess  or  by  the  suppression  of  their  usual  allowance 
of  alcohol ;  by  absence  of  food  ;  by  exposure  or  overexer- 
tion ;  by  an  operation,  etc.  Tlic  symptoms  consist  in  \'io- 
leiit  tremor,  persistent  insomnia,  and  hallucinations  of  a 
terri!}iiig  character.  It  usually  runs  its  course  in  a  few 
days.  The  main  indications  of  treatment  are  to  support 
the  streiij;tli  of  the  patient  and  to  combat  the  excitement 
and  insomnia  by  hypnotics,  as  bromids,  chloral,  or  opium. 
It  is  not  deemed  advisable  to  witlidraw  the  alcohol  entirely 
during  this  condition. 


X.  M.\TERIA  MEDICA. 

Preparation  of  Alcoholic  Liquids. — Alcohol  is  a  prodoct  of  thenlcoholtc 

or  vinouii  femieiitatiuri  of  liquid-sconUiiiiiiig  certain  su^rs  (especially  dextroMt- 
Tliis  fcrtnentntiiin  is  ]>rt>iiucod  hy  tlie  growth  nf  thr  yeoil  plant — Ti^ruJa  (frt- 
vista.  This  occur*  !l>e*t  at  tempera  lures  between  15"^  and  32"  C.  (60*  (090* 
F.).  Other  sugKn>.  dextrin,  and  starch  are  Dot  directly  fermenUble,  but  are 
fint  converted  into  di-itrow : 

Starrh  I>«Kirln  UeatroM 

3f.H,„0^  +  aH,0  =  r„H„0„  +  C,H„0.. 
SUrdi  NtaltoK  Dextrow 

Dextrin  Dexirnae 


C  H„0„  +  H,0 
MatltMv 


2C.H„0.. 


Id  this  fenuetitation  the  greater  part  of  the  Deatraae  is  changed  into  alrobot 
and  CO,  : 

C;H„0,  =  2CO,  +  «C,HgO. 

The  reaction  is  not  as  uniple  as  this  e(}uaii(>n  would  indicate :  beudes  CO. 
and  CjIlgO.  variou*  other  [tmduct*  arc  foniiod, — glycerin,  mccintc  aoH,  ana 
others  as  yet  unisoiated. — which  aid  in  giving  the  flavor  to  the  resulting  liquidi. 
This  19  in  part  due,  tiuwcver,  to  subslaiices  olhcr  than  sugar,  present  in  the 
original  liquids. 

It  was  firrnierly  supposed  thst  the  bouquet  of  (he  difTercnt  sons  of  winev 
etc.,  drpcndt'd  U)N]n  <)ilTerencrs  jii  the  ci.>nMituents  of  the  gnipe>juice  ;  but  if  i* 
now  known  chat  they  are  cau>tcd  mthrr  hy  difTcrrncen  in  the  yeasts  infefuns 
thcM:  j;;n>|)cs.  Tlie  iiiuculaliuii  uf  a  bailey  infusion  with  a  wine  yeast  give? 
to  the  fcrmenlrd  liquid  Ihe  peculiar  flavor  of  that  particular  wine  (the  ao-ianed 
"Mftllon  Winei"). 

As  ordiniuily  prepared,  however,  the  character  of  the  fermented  liqoids 
depends  U|K>n  their  utigin.  When  inade  from  barley,  they  are  beer,  etc  ;  butt 
applet,  cider ;  from  grapes  wine  ;  fmm  milk,  kumiw,  etc. 

Most  of  these,  ns  well  ns  the  d7«illed  -ipirits,  undergo  furlhrr  chemic  chaises 
on  keeping,  resulting  in  the  desliuction  of  undesirable  coostitueats  (**  tupari- 
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lata  '* — ftuel  oil,  etc.)  and  ia  the  development  of  etlien,  etc.,  impaning  a  itner 
flavor  lo  the  liquid. 

The  alcoholic  fennenl«tion  only  progrefttet  to  a  certain  point;  beyond  this, 
it  ta  either  arrested  eiilircly,  u  soon  as  the  proportion  ul  alcohol  exceeds  a 
ceftain  amount ;  or  il  passes  into  acetic  fermentation,  wilh  the  conversion  of  the 
alcohol  into  acetic  acid. 

When  these  weak  liquids  are  ftubjecled  to  diMiltalii^n  r  *  reel  location  "), 
the  strnnjj^r  "nicoholic  liquors"  result.  These  rereive  dilTerenl  nitine.4  ac- 
cording lo  their  origin : 

U'/iiitv,  when  chMilled  from  frrtncnted  grain  (this  lectifirtl  over  juni|ier 
bemes  IS  ffoUanJ  din;  over  turpentine,  CetMtHon  (7tH)  ;  from  wine,  BianJy 
[^Ctgititf) ;  from  molasses,  Hum;  frnm  rice,  Ai-ra,'i,  etc. 

Their  alcoholic  strength  is  about  as  follows  : 

■V  Vol.UMIt.  WBIOHT. 

WtaUky 50  to  60  42  to  52 

Brandy 55  47 

kura 50  4a 

Gin 4S  40 

German  "Schnappi*' 45  38 

Russian  "  Dobry  Wulky" 62  54 

Farther  redislillatious  rc&ult  in  the  official  alcohol ;  and  by  redLitilling 
from  aoine  hygro.-(copic  «iil>siiince,  usually  quick-lime  or  calcium  chlorid,  the 
So-called  "  Abiuluie  Aicohul  "  is  oMainctl. 

The  strength  of  alcoholic  liquids  is  deduced  from  the  specific  gravity  ader 
distilUtion. 

SPRctnc  GaAVITV.  Per  c:b)«t.  PhrCent, 
05.6"  C.)  (6cfi  F.)     Wkicht.     VoLfMK. 

(A)  Pure  Alcohols: 

.•.Alcohol      I  U.S.P.)     [Spirilus 

Rectihcalui.  B.F.]  ....    o.Sao    (U.S. P.J 

0.834    (B.P.)  91.0  94.0 

Alcohol  Absolutum  [U  S  F..B.P.). 

Not  more  than    1 1.    hy  weight  df 

water.      Doillng  poiiir.  jS.4     .    .  0.797  99>0+ 

Alcohol    Deodoratum    (U.S.F.j. 

.Alcohol   in   which   the   futel  oil, 

clc,  has   been  dcKlrayed  los  by 

permanganate).    Same  properties 

a.<t  alcohol    ......  <  9*.$  ^$.1 

,*.  Alcohol    DOuium    (L.S.I'.). 

Miilr  hy  miaiii^  njual  measures 

of  alcohol  and  water     ....  0.938  41.0  48.6 

M/cM^  170%)  (B.lM.     Made  by 

miiing  too  *'<>l.  >if  atcobol  (90^) 

with  31  vol.  of  wKier  .  0.8900  70.O 

^/cr4,f/  (60%)  (B.I*.)       Made  by 

mixing  too  vol.  of  akuhol  |90%) 

wilh  53.65  vol,  of  water  .  0,9135  ^o 

A/>rJk.y/  {4S%]    (ll.I'.i.     Made  by 

misirtg  too  vol.  of  alcohol  (90%  ) 

with  105.34  vol.  of  water     .    .    .  0.9436  ^.O 

.4Ai»l«/  (10$)  (D.r.).     Made  by 

mixing  too  vol.  of  alcohol  (90A() 

with  355  8  vol   nf  water   ....  O.9760  MlO 

Since  a  conden^^ation  occurs  on  mixing  alcohol  and  water,  tlw  percentage 
of  tht  resulting  product  catinui  be  deduced  by  llie  formula  i,--,-vr- 

Tbe  moat  important  preparations  are  marked  ^\. 
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The  quantities  needed  to  make  the  most  commoD  dilutions  tre  the  fc^owir^  » 

USH  OffUia/HJ.S.P.)  Spbcific  Gravity. 

To  Makk  100  c.c.  OP :  Alcohol:  Water:        {15.6*0  (60*  F.) 

80%  (volume) 85.5  c.c.  16.0  c.c.  O.8642 

70% 73.5  c.c.  29.0  c.c.  0.8903 

60% 63.5  C.C.  39.0  C.C.  0.9135 

50% 535  c-c-  49-5CC-  0.9344 

40^ 43.0  c.c.  60.0  C.C.  0.9530 

30^ 21.3  c.c.  73.5  c.c.  0.9759 

(B)  stronger  Spirits: 

The  strength  of  the  more  important  has  been  indicated  on  page  435.  The 
rollowing  are  official : 

^*^Spiritus  Frumenli  (U.S. P.). —  Whiiky. — At  least  two  years  old;  44^ 
to  50%  hy  weight  of  alcohol  {50%  to  58%  vol.),     Sp.  gr ,  0.917  too.930. 

^*^Spirilits  I'ini  Gallki  (U.S.P.,  B.P.). — Brandy. — At  least  four  years 
old;  39^^  tu  47  J>;  by  weight  of  alcohol  (46^  to  555%.  vol.).  Sp.  gr.,  0.925  to 
0.941. 

Mhtiira  Spiritus  I'ini  Callici  {B.P  ). — Four  ounces  each  of  brandy  and 
cinnamon  water,  two  yolks  of  e^s,  and  ^  ounce  of  sugar. 

(C)  Weaker  Alcoholic  Liquids: 

The  only  ones  official  are  : 

I'intim  Album  (L'.S.P).  —  White  Wine. — A  dry  white  wine,  such  as 
Catawba.     \o';r   to  14%  by  weight  of  alcohol. 

Vinutn  Hubrum  (U.S  P. )  — Red  Wine. — Dry  red  wine  such  as  native  Claret 
or  Burgundy.      IO%  to  14^  by  weight  of  alcohol. 

Vinttm  Xeriium  {B.P.j. — Sherry. — A  pale  wine  containing  not  less  than 
16  ^r  by  volume  of  alcohol. 

Wines  are  made  hy  fermenting  the  expressed  juice  (must)  of  the  grape.  If 
this  coiiiaiiis  ihe  skins  nf  dark  grajKis,  the  wine  will  be  red  ;  if  made  fn.im 
light  grupes.  or  from  tlie  juice  of  dark  grapes  without  skins,  it  is  *'  white  '  ; 
/.  e.,  an  amber  color, 

A  wine  whicli  contains  nuicli  alcohol  (15^  to  20fi  )  is  "generous"  ;  one 
p»Hir  in  alciibol,  "light"  ;  one  conlnining  much  sugar,  *'sweel"  ;  piH>r  in 
sugar,  "dry."  If  it  eoulains  C(V„  it  is  "sparkling"  ;  if  tannin,  "rough" 
or  '•astriiigcnl";  if  acid  tarlrato,  "acidulous."  The  last  two  ingredients 
will  interfere  with  <liges[iun  if  the  wine  is  habitually  used. 

Alcohol. 

Percent.        Per  Cent. 
Weight.  Volume. 

The  most  iin{)ortant  wines  are  : 

Shcny  .  \'iiuini  Xcricuiiil  :    I^nrk  anit>cr,  dry.  little  ' 

aci<iily  I  M,iiir-ii.i,  Marsala,  Tukay,  Malaga,  are  I 

similar,  hut  more  sweet  I       .  >     15  to  I9         18  to  23 

Port    ( ViiHun    i'urteiise):     iJeep    purple,    rather  V 
swrt-t  jiuil  rough  ....  ...  J 

Clarft  \  l'"irikaux)  :   Red,  dry,  with  some  degree 

of  aci(fiiy  atnl  ;^^triug^■ucy 

ChiiniNi.;'!^  :  I'ale  arnlier,  sweet,  sparkling  .  . 
Ihck  iitiU  .l/'.-,'VV  /  I'ale  amber,  dry,  slightly  acid 
Cahnti'ii :   Ainlur,  diy.  rather  ati<i  (orswect) 

I'nfermeiited  (irnpc  [nice  1/.  e.,  must,  preserved  by  heating  or  an  antisep- 
tic) can  scarcely  lie  t>.ii--ider(-d  a  medicinal  agent. 

The  must  important  preparations  are  marked  ^^. 


8  to  14 

10  to  17 

8  to  10 

10  to  13 

12 

'5 

10  to  12 

13  >"  >5 
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•Other  Fermented  Liquors : 
From  Apple  :  Cider  .    .   \ 

From  Pear:  Pfrry    .    .    I    5  to  IO%  (by  weight). 
From  other  fruits  j 

A/tiU  Lvjuors. — These  contain  alcohol,  CO,,  sugar,  aod  usually  bops.  The 
color  varies  from  pale  amber  to  dark  brown,  the  difference  being  due  mainly 
to  charring  of  the  malt.      Lager  beer  is  made  by  slow  fermentation  at  a  low 
temperature  ;  porter,  ale,  and  stout  by  rapid  fermentation  at  a  higher  heat. 
Their  alcoholic  strength  is  as  follows  : 

Alt,  Porter,  Stout,  anU  Export  Beer      .  ^  to  65&  1     .  ... 

Lager  Beer    ......  ^^  .....  2  to  3^  }    »>y  ^"g***- 

By  fermenting  milk,  a  pleasant  alcoholic  liquid,  **  Kumiss^'  can  be  ob- 
tained, which  contains  to  3%  of  alcohol. 

Mixed  Spirits. 

It  must  be  remembered  that  all  the  alcoholic  preparations — Fluid  Extracts, 
Tinctures,  Spirits,  and  Elixirs — whose  dose  contains  more  than  about  5  c.c. 
of  absolute  alcohol  show  the  action  of  the  latter. 

Some  of  the  pharmaceutic  preparations  which  are  employed  latgely  on 
account  of  their  content  of  alcohol  are  the  following  : 

Approximate 
Alcohol  Contknt. 

Klixir  Aromaticum ^S% 

Spiritui  Juniperi   Compositus   (a   substitute  for  Holland 

Gin) 65% 

Vinum  Ferri  Amarum 15% 

*  CordiaU  Rubi  Fructw:  {Blaekberry   Cerdim),  "^.F.      .    .33% 

*  Elixir    Ad/tn-ans,    N.F. ,     *  Elixir    A  nisi,     and    other 

Elixirs^  N.F. 25% 

*  Vinum  AuraHtii ;    V.  Camis,  etc.;    I'.  Erythroxyli,  etc.  l6ji^ 

(C)  THE  CHLOROFORM  AND  ETHER  GROUP. 

I.  HISTORY. 

Attempts  to  induce  anesthesia  during  operations  date  back  to  very  ancient 
times.  The  Egyptians  gave  narcotic  potions  for  the  purpose.  The  Assyrians 
are  said  to  have  half  strangled  the  children  before  circumcision,  producing 
anesthesia  by  the  aid  of  the  CO..  The  Chinese  used  hashish.  All  kinds  of  nar- 
cotics were  given  during  the  middle  ages.  But  modem  anesthesia  dates  from 
the  middle  of  the  nineteenth  century.  Its  discovery  is  claimed  by  quite  a  num- 
ber, but  the  real  credit  of  introducing  anesthetics  into  practice  belongs,  for 
ether,  to  Jackson  and  Morton,  1846  ;  and  for  chloroform,  to  Simpson,  in  1847. 
Soon  afterward  laughing  gas  was  introduced,  although  this  had  been  suggested 
by  Davy  fifty  years  before. 

II.  DETAILS  OF  ACTION. 

The  action  of  this  subgroup  corresponds  very  closely  to 
the  general  action  which  has  been  discussed  on  pages  415 
to  417. 

The  difference  from  a/rtf^o/ consists  in  the  greater  rapidity  with  which  the 
successive  stages  may  be  induced.  Of  the  differciit  members  of  the  series 
which  might  be  used  for  the  production  of  ancsihesia.  chloroform  and  ether 
mlone  are  important,  and  the  following  dt-scription  applies  particularly  to  them. 

*  Not  official. 
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The  action  of  the  anesthetics  has  been  divided  into  differ- 
ent stages.  Since  these  arc  but  degrees  of  the  same  action, 
it  is  quite  optional  where  the  hnc  is  drawn,  and  the  same 
stages  will  be  retained  here  that  were  given  in  the  discus- 
sion of  the  general  action :  viz..  Stimulant,  Narcotic.  Anes- 
thetic, and  Paralytic. 

1.  Stimulant  Stage. — This  sets  in  with  a  comfortable 
feeling  of  n'armth,  spreading  over  tiic  whole  body,  soon 
ajwociated,  however,  with  ^sensation  of  asphyxia.  The  /oeai 
effects  make  themselves  felt  by  prieking  ami  smarting  of 
nose,  throat,  and  conjunetiva.  Consequently  there  is  a  hypef' 
secretion  of  mucus,  tears,  and  saJij'a,  and  possihh  ziomiting ; 
but  the  latter  does  not  usually  occur  until  much  later,  when 
the  patient  has  been  some  time  under  deep  anesthesia  and 
this  is  passing  off.  The  face  at  this  stage  is  flushed,  the 
pupils  somrtvhat  enlarged,  the  pulse  accelerated,  tlic  respira- 
tion somewhat  quickened  and  irregular — ^alt  effects  of  tlic 
excitement. 

a.  The  second  or  narcotic  stage  is  ushered  in  by  formi- 
cation. The  special  senses  arc  disturbed :  there  are  halluci- 
nations (noises,  etc.).  Sensation  o{  .stiffness  and  want  of 
control  in  the  muscles.  The  patient  loses  \\\?i  self -control,  and 
gives  way  to  manifestations  which  vary  with  his  character — 
loud  talking,  laughing,  singing,  swearing,  etc  Then  there 
is  struggling,  and  sometimes,  especially  in  hysteric  patients, 
coni'ulsions.  These  motor  plienomena  ate  much  more  vio- 
lent than  in  the  case  of  alcohol,  probably  on  account  of 
the  grcuter  local  irritation  and  also  because  of  a  certain 
amount  uf  asphyxia.  They  differ  greatly  in  violence  in  dif- 
ferent individuals.  The  skin  is  moist  and  warm,  the  face 
reddened,  the  pupils  contracted,  the  apex-heat  more  prtf- 
nounced.    The  sensibility  to  pain  is  hluntcd,  hut  not  abolished. 

3.  The  third  or  anesthetic  Stage — the  stiige  which  it  i» 
aimed  to  produce  and  maint;iin — is  characterized  by  com- 
plete paralysis  of  the  brain  and  of  the  motor  reflex  center? 
of  the  cord,  and  lowering  of  the  medullar)''  centers.  Cch- 
sciousness,  sensation,  and  most  reflexes  are  Inst — the  corneal 
reflex  being  among  the  last.  Consequently  tlic  muscles 
are  lax.  The  smooth  muscles  are  not  usually  affected,  but 
there  is  sometimes  a  relaxation  of  the  sphincters.  The 
pulse  is  slow,  full,  and  soft,  due  to  Imvered  blood  pressure. 
The  respiration  is  slow  and  shallow,  but  reguletr.  The  Urn- 
perature  falls  in  consequence  of  the  lessened   muscular 
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actixiU'  and  increased  licat  loss.  The  face  is  pale  with 
chloroform,  often  cyanotic  with  trthcr.  These  symptoms 
of  medullary  paralysis  do  not  reach  a  dangerous  degree  if 
the  administration  is  carefully  done.  Hut  with  prolotiged 
anestlu'sia  the  pulse  tends  to  become  progressively  weaker, 
the  respiration  more  shallow,  and  the  temperature  lower — 
it  may  fall  as  much  as  5°  C 

There  is  «ome  evidence  that  the  sensory  cells  are  pnialyzcd  Ijcforc  the  motor, 
since  at  cerUtiti  Mages  nf  the  oclJDti  reflex  paths  which  have  their  sensory  and 
niotor  ccl]»  ill  diflcrcnt  parts  of  the  cord  may  be  excited  ir  the  riKitor,  but  not 
ibe  seiuorr,  cells  are  exposed  to  the  action  of  the  anesthetic.  Bui  later  the 
motor  cells  also  lose  their  irritabilily.  The  excitability  of  the  mdor  area  of 
tbc  brain  is  lowered. 

4.  The  fourth  or  paralytic  stage  is  chamclerized  hy 
progressive  paralysis  of  tiie  medulla.  This  stage  must  be 
carefully  guarded  against 

The  respiration  becomes  irregular,  stertorous,  labored, 
and  then  ceases.  The  $kin  is  cold  and  pale,  and  covered 
with  tlie  cold  clammy  sweat  of  the  "agony."  '\\\c  pupils 
arc  widely  dilated.  The />«A<' becomes  slow  and  weak,  and 
ceases  normally  after  the  respiration. 

5.  During  the  stage  of  rearfcrv,  after  the  anesthetic  has 
been  removed,  the  p;iticnt  again  passes  through  a  stage  of 
excitement,  much  less  \'iolent  than  in  the  second  stage. 
Then  there  is  usually  a  siecp  lasting  for  several  hours. 
Votnitin^  \s  very  common  during  recovery,  when  the  irrita- 
tion of  the  alimcntarj'  canal  is  no  longer  masked  by  the 
depression  of  the  centers. 

6.  Phenomena  Indicating  Onset  of  Paralytic  Stage. — 
Since  AaUit-Hts  in  Antsthesia  arc  generally  due  to  the  onset 
of  the  parahtic  stage, — «.  e.,  to  paralysis  of  the  medullary 
ctmtcrs. — it  is  important  to  study  iiiorc  in  detail  the  symp- 
toms which  usher  in  this  condition.  It  will  be  profitable 
lo  follow  these  from  the  beginning  of  tlic  anesthesia.  They 
refer  to  the  rcspimlion,  circulation,  and  pu])il. 

Respiration.- — This  is  fairly  normal  in  the  Jirst  stage^ 
except  in  sn  far  as  it  is  intertered  with  by  the  choking  pro- 
duced by  the  local  action.  This  latter,  through  stimulation 
of  the  trigeminal  endings,  may  also  produce  a  short  stop- 
page, but  this  is  never  ver>'  long  (it  does  not  appear  after 
section  of  the  vagi  in  animals).  During  the  second  stage 
the  respiration  is  affected  by  the  struggling,  being  alter- 
nately stopped  and  quickened,     hi  the  atusthetie  stage  it  is 
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very  slow,  but  regular.  With  the  approach  of  the /our/k 
sta^e  it  is  first  quickened  as  the  result  oi  asphyxia.  Tke 
dattger-si^/t  is  the  irregularity.  The  death  by  anesthetics  is 
in  most  cases  due  to  asphyxia.  But  this,  except  with  iJic 
most  i<;norant  administrntiun.  is  not  due  primarily  to  a  w-ant 
of  air,  but  to  paralysis  of  the  respiratory  center 

Circulation. — The  phenomena  obscn-ed  on  the  pulse  arc 
usually  quiikcmng  in  the  first  and  second  stage,  mainly  from 
the  increased  movement,  but  partly  from  direct  dcpresision  of 
the  vagus  centei .  There  may,  however,  be  temporarj-  slow- 
ing or  even  stoppage  from  reflex  irritation  of  the  vagus 
through  the  trigeminus  endings.     The  excised  heart  shows 
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Fig.  70.^ — riic  nctioii  t>egm-i  at  \;  A,  Cardiymyogram  »(ler  ligature  < 
•orto  And  vena  cava  :  Al  >i  the  licart  ha*  be«n  under  Uigilalis  ;  *l  X.  chlon^* 
form  wa(cr  is  injectnl  ;  ihe  healvfur  enormously  weakened.  B^  Hyfjoderauc 
injection  of  5  t.c,  nf  ether  in  niicrtlietiwd  dog;  it  caused  a  fall  of  pre«ure. 
C,  Cardioinvogram,  excised  heart  (after  Hcdlx^m}:  Slowlog  and  wcakenii^ 
(chloral).  /.),  Showii  death  from  cblorofomi,  from  vaaumolor  pwmlyau;  the 
heart  ti  not  affected  until  verjr  late. 

slowing  from  tlie  start,  through  depression  of  the  muscle. 
(Fig.  70.  C.) 

The  main  effect  is  apun  the  strength  ruther  than  upon  (he  rate.  In  (he 
frojj's  heart  the  vtnuR  and  auricles  are  affectrd  earlier  and  more  atninglr  iKan 
the  ventricle.  The  lieart  of  the  emhi^-nnic  chirk  i*  prnnnnly  tumulaled  by 
ether.  Chloroform  depTcs»e>  il  Iroin  the  start ;  later  it  cau»cs  an  e&tien 
dilatation.     It  b  partly  antagonized  by  aiuDoDium. 

In  the  third  stnge  the  pulse  is  soft  and  slow,  but  regular. 
The  apjiroach  of  the  fourth  stage  is  denoted  by  irrcgularit>' 
of  the  pulse  with  further  weakening,  due  to  depression  of 
the  cardiac  mviscle. 

The  blood  pressure  (Fig.  70.  B).  after  a  slight  teniporar>' 
rise,  falls  continuously  ahiiost  from  the  start.  The  rise  is  due 
to  reflex  .stimulation.     The  fall  is  due  to  a  combination  of 
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paralysis  of  the  Iieart  muscle  (Fig.  70,  A  and  C)  and  vaso- 
motor center  (Fi^.  70,  j9).  T)ic  former  may  be  demon- 
strated on  the  isolated  heart,  whilst  the  latter  is  shown  by 
the  fact  that,  even  with  the  lowered  blood  pressure,  the  out- 
flow from  the  mesenteric  vein  is  increased,  and  rertex  stim- 
ulation of  tlic  vasomotor  center  is  no  longer  effective.  It 
seems  that  the  jxiralysis  of  the  heart  does  not  become  seri- 
ous until  mueh  later  tliai\  tliat  of  the  vasomotor  center. 

Pupils. — These  arc  dilated  diirinjj  the  Jirsf  nud  sec- 
ond stagts,  as  llic  ordinary  result  of  excitement.  During 
the  anesthesia  they  are  strongly  constricted,  due  to  depres- 
sion of  tlie  dilator  center.  In  the  fourth  stti^^c  (asphyxia) 
stimutation  of  the  center  causes  dilatation.  Uilatadon  also 
occurs  in  recovery.  The  daiiL:er-sign.  therefore,  is  dilatation 
of  the  pupil.s,  unless  this  accompanies  evidence  that  the  pa- 
tient is  coming  out  of  the  influence. 

III.  CAUSES  OF  DEATH  UNDER  ANESTHESIA. 

In  the  later  stages  oftlic  anesthesia  this  usually  results  from 
medullary  paralysis^  aidcti  by  direct  paralysis  of  the  heart 
muscle,  and,  as  has  been  pointed  out,  the  respiration  nor- 
mally gives  t-uit  before  the  other  centers  or  the  heart.  But 
it  mu.st  not  be  forgotten  that  the  latter  arc  also  weakened, 
and  would  eventually  lead  tu  death  even  were  tlie  respiration 
kept  up.  The  respiration  is  simply  the  weakest  link  in  an  in- 
terlocking chain,  and  when  another  link  is  abnonually  weak, 
it  may  j^ive  out  first  In  cases  in  which  the  heart  is  not 
normal,  this  may  and  does  give  out  before  the  resj>iration. 

Hut  in  another  class  of  fatal  cast-s,  especially  with  chlo- 
roform, the  course  of  events  may  be  entirely  diflferent : 

Here  the  heart  stops  suddenly,  often  wlicn  only  a  fe\v 
whiffs  of  the  anesthetic  have  been  taken.  This  is  especially 
apt  to  occur  when  tlie  patient  lias  been  struggling  or  hold- 
ing the  breath.  The  chloroform  is  forced  tighter  ujwn  him, 
and  when  a  respiration  is  tiken,  the  vapor  is  inhaled  in 
almost  undiluted  form.  Now,  the  concentration,  and  not  the 
total  quantity,  of  the  anesthetic  constitutes  the  ])riinar\'  cle- 
ment of  danger.  This  concentmteil  anesthetic  \'apor  may 
produce  sudden  stoppage  of  the  heart  in  two  ways: 

t .  By  reflex  stinuilation  of  the  vagus  through  the  trigcnii- 
mis  ending.-;.  This,  thon^jh  very  alarminij.  is  not  usually 
dangerous  with  normal  individuals,  for  stimulation  of  the 
vagus  cannot  stop  the    heart    sufficiently  long  to    consti- 
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tiitc  an  element  of  danger.  In  fact,  this  is  a  safeguard,  in 
not  allowing  tlie  concentnitL-d  anesthetic  to  be  carried  to  the 
heart  But  with  a  weak  heart  and  depressed  circulation 
tliis  temporary  stoppage  may  turn  the  scale  This  vagus 
stoppage  doc-s  not  occur  when  the  anesthesia  is  well  ad- 
vanced, since  all  reflexes  are  diminished  at  this  time.  Re- 
sides, anesthesia  causes  a  lowering  of  the  irhtabiJity  of  the 
vagus  endings  in  the  heart. 

2.  TIic  vapor  is  carried  by  the  blood  in  very  concen- 
tratcd  form  to  the  heart,  which  it  paralyzes  through  its  di- 
rect action  on  the  muscle.  This  is  almost  invariably  fatal. 
Concentratcil  vapor,  then,  generally  paralyzes  the  heart, 
whilst  diluted  vapor  paralyzes  the  respiration. 

Another  cause  of  iinplensnnl  sym]>ti_iins  uf  an  irriiaiu  character  lies  in  the 
imfittriiifs  resulting  iiul  only  fruin  iinperrccl  itianutnctuic,  but  from  the  dccont' 
pmitiun  of  the  pure  product  Thi«  dcoutnposJtion  ift  e«f9cdall]r  freiiucnl  with 
chtoroform,  mulling  in  the  fonnatinn  of  Phosgen  gas  and  of  free  Ci  aiid 
HCI,  aJl  vei7  irritant. 

4CUCI,  +  3O,  =  4C0a,  -f  2H,0  -H  lO. 
rhoBgffn 

COO,  +  11,0  ^  CO,  +  alia. 

As  this  is  greatly  favored  hy  exposure  to  l^ht,  chlorDform  should  be  keni 
in  small  dark-culorcd  t>otllcs.  The  addition  of  1^  of  alcohol  greatly 
reianU  iXwi  deonnpositiiin,  but  when  chlorofnrm  is  used  with  anificial  li|*hi, 
ihf  combustion  of  ils  vapor  necessarily  results  in  these  products.  It  would. 
Ihercrore,  be  advisable  to  use  iriuindcscenl  electric  light,  which,  in  d>e  case 
of  Ciller,  Would  also  obviate  the  danger  of  ignition. 

Of  course,  many  deaths  during  anesthesia  arc  due  to  the 
inexperience  of  the  anesthctizcr,  some  possibly  to  impuri- 
tics  ;  a  few  are  undoubtedly  unavoidable.  But  it  is  incor- 
rect to  attribute  cverj-  death  upon  the  operating  table  to 
the  ciTects  of  the  anesthetic  ;  for  patients  died  upon  the  tabic 
when  ancstlietics  were  yet  unknow  n. 

One  such  case  was  of  connderable  ini[K)rtance  in  the  history  of  anealhetta. 
When  SimpAon  was  abotil  to  try  chlnraform  un  a  patient  fin-  the  first  Rmr.  the 
orderly  who  was  carrying  the  boiile  fell  nnd  spilled  the  cbloroform.  No 
other  being  obtainable  SiinjKori  pmceeiled  to  the  opemdon,  which  was  fat 
hernia,  without  anrsthrMa  'llir  paliont  died  with  the  fip>l  cut  Had  the 
chloroforni  been  given  in  this  case  and  the  same  accident  hai)  l)ap[vne<l. 
its  introduction  into  practice  wuuld  huve  4ufTcTe<I  a  Inrig  delay.  Other  similar 
cases  are  not  nncnmmnii :  A  patient  was  l«i  be  operated  and  demanded  cliiiv 
TDform  His  condition,  however,  was  so  low  that  the  suigeon  feaml  10 
grant  his  wish,  and  to  calm  him  held  a  cloth  ri'/Miw/  chIorx>rjni]  t*rfnre  hii 
&ce.  Scarcely  had  the  patient  made  four  inhalatiims — of  air — when  he  was 
dead.  In  prennesthetic  days,  the  French  surgeon  I>esaull  drew  his  tinger- 
nall  over  the  pciitieuin  of  a  patient  tn  matlc  llic  line  of  incision,  when  the 
patient  suddenly  gave  a  cry  and  was  tirad.  And  many  similar  cases  vi 
Hidden  death  from  the  violent  mrnlal  impression  might  W  mentinneri.  besides 
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deaths  undoubtedly  due  lu  traumatic  sl]ock.  Even  at  Uie  present  day  patienik 
often  exhibit  "psychic  shock"  wlien  o|>era(c<t  under  local  anesthesia,  50  (hat 
it  is  a  general  practice  «j  precede  iHiit  by  murphio. 

Il  is  true  that  the  public  iiawaday^^  Iia^  lai|{elr  lust  (hat  jfreat  fear  for  oper- 
Ktioni  which  fortncd  the  cauM-s  of  the  former  cases,  and  that  anesthetics  lessen 
the  darker  of  trauniatia:  shock.     But  neithrr  is  cxttuded,  and  there  h  no  duubt 
.  lb«I  numy  deaths  attributed  tu  anesthetics  reaily  have  their  cause  elsewhere. 

Besides  these  violent  accidents  occurring  from  the  anes- 
thetic at  the  time  of  its  administration,  it  may  cause  less 
striking  but  equally  dangerous  after-effects  and  side-actions, 
depending  upon  the  irritant  action.  A  certain  amount  of 
gasiric  irritation  is  a  constant  phenomenon,  but  rarely 
assumes  serious  features.  So  is  an  irritation  of  the 
respiratory  structures,  which  is  further  comphcated  by 
tlic  inspiration  of  saliva  and  buccal  bacteria,  and  may  give 
rise  to  pneumonia.  Previous  di.sinfcction  of  the  mouth  has 
therefore  been  recommended.  Kvidences  of  an  aaitc  ncf-hri' 
tis — albuminuria  and  glycosuria,  sometimes  casts — are  not 
uncommon,  but  may  in  some  cases  be  referred  to  asphyxia. 

■  Chloroform  causes  the  glycogen  of  the  liver  to  be  dimin- 
ished, the  sugar  in  the  blood  to  be  increased.  Chloroform 
and  ether  have  a  marked  action  upon  the  shed  blood,  dis- 
sohing  tlic  red  corpuscles  and  liberating  the  hemoglobin. 
It  is  not  known  whether  they  exert  this  action  on  the  cir- 
culating blood  when  they  are  inhaled,  but  it  may  be  that 
the  anemia  and  icterus  .sometimes  observed  arc  due  to  this 
action.  These  after-efTects  are  much  more  pronounced  in 
^_  the  case  of  ether  than  of  chlorofonn  ;  for  although,  quantity 
^1  for  quantity,  chloroform  is  by  far  the  more  irritant  of  the 
two.  the  absolute  amount  of  ether  taken  more  than  balances 
this  difference. 

Tlie  cells  of  other  organs  of  the  body  also  suffer,  espe- 
cially with   chloroform  and   when   the  anesthesia    is    pro- 
[  longed. 


» 


le  patient  remains  in  a  i^eneral  aimlhetic  condition  and  dies  inside  of  sev* 
days  with  ihr  general  phenomena  of  heart  failure.     The  autopsy  in  such 

rrveaU  fntly  ilegenenttion  thrtMigUntl  (lie  btxly,  atid  e»>|>t:ciiilly  in  the 
liwT  and  heart.  Recent  resenrches  make  it  appear  that  these  fatty  degeDe- 
rations  are  wA  the  dangerous  element.  'Hiey  appear  (|ui(e  easily,  but  disappeat 
a^ln  ei^untly  rcwlily.  The  real  danger  wemo  l*i  be  in  de^meratat  thangei 
»«T  ihr  (ortiiaf  gnnglia,  Tbevr  are  cnmulntive  and  persiKtenl.  They  are  seen 
After  cbloroforiTi.  chloral,  morphln,  and  inige  doses  of  atropin,  but  not  after 
rlhct.     Tlicy  teem  especially  dangerous  in  ihe  "status  lymphaticus." 

The  atttvpsy  in  acute  chloroform  or  ether  deaths  shows 
nothing  beyond  the  ordinary  phenomenon  of  death  by 
asphyxia — heart  distended,  veins  congested,  etc. 
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In  connection  with  anesthetics  there  is  a  question  of  some  roedicolr^al  im- 
portance— namely,  whether  ancathc^a  can  be  producud  dunng  &lcep.  Such 
oucf  are  reported,  but  il  muKt  be  extremely  di^cull,  and  conaetioently  rare. 

IV.  CHOICE   OF  ANESTHETIC. 

It  must  be  considered  as  definitely  settled  that  chh^roform 
is  more  dangerous  than  ctker.  Statistics  show  that  the  im- 
mediate moitality  is  three  to  five  times  as  great  with  tlie 
fonner. 

In  how  fiLT  llti-i  is  clue  to  faulty  admiiitatnttiun  dues  nut  enter  into  the  <)uc3Uon 
— there  is  as  much  inefficiency  in  the  use  of  ether ;  and  aneitheticatioo  utonol 
alwayi  be  carried  on  by  experts. 

Granted,  then,  that  chloroform  is  by  far  tlic  more  danger- 
ous, it  behodves  to  use  ether  except  when  this  is  specifically 
contniindicated. 

The  contraindications  to  Hfifr  arise  principally  from  its 
more  marked  local  irritant  action.  The  patient  himself 
usually  prefers  chloroform;  and  ether  is  contraindicatcd 
whenever  there  is  a  tcniiciicy  to  innanimau'on  which  might 
be  exaggeratated  by  an  anestlietic ;  bronchitis,  nephritis, 
etc.  Chhroform,  on  the  other  hand,  is  especially  contra- 
indicated  where  the  circulatory  apparatus  is  tlie  seat  of  dis- 
ease. It  is  also  contraindicatcd  in  \ery  lonjj  operations,  on 
account  of  the  late  degenerations  following  it. 

The  principal  adr-antages  of  chloroform  arise  from  the 
quickness  of  its  action,  tiie  small  bulk  required,  its  com- 
paratively less  volatilit)'.  and  the  fact  that  it  caimot  be 
ignited. 

The  quickness  of  action  makes  it  indispensable  where 
many  operations  must  be  performed  in  a  short  time,  as  on 
the  battle-field.  It  is  also  a  great  advantage  where  talking 
and  struggling  arc  to  be  avoided.  The  latter  may  be  very 
impoitant  in  atheroma  or  aneurysm.  On  the  other  hand, 
ether  is  preferred  iWth  alcoholic  "strugglers."  to  lessen  tlie 
danger  of  sudden  heart  action.  The  i>tfiammahility  of  ether 
constitutes  a  serious  objection  to  its  use  with  artificial  light 
or  thermocautery.  When  used  with  the  former,  the  lamp 
should  always  be  adjusted  above  the  patient,  since  the  cll)cr 
vapor  is  heavier  than  air. 

All  these  rules  may  have  to  be  discarded  in  the  cases  of 
certain  patients  which  assert  an  idiosyncrasy  against  one  or 
the  other  anesthetic. 

CmnHnation   Methods. — In  the  attempt  to  combine  the 
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advantageous  features  of  both  anesthetics,  it  is  often  recom- 
mended to  start  the  anesthesia  with  chloroform  and  continue 
with  ether.  This  is  ncccssan,'  only  in  special  cases,  such  as 
atlicroma  combined  witli  heart  disease,  where  the  prolonged 
action  of  the  chloroform  and  the  primary  struggling;  of  the 
ether  are  both  to  be  avoided  ;  for  ordinarily  the  danger  of 
the  chlorofonn  lies  precisely  in  th%  start,  that  of  die  ether 
in  tlie  course,  of  tlie  anesthesia. 

It  has  also  been  suggested  to  combine  the  anesthetics,  as 
in  the  case  of  the  "A.  C,  K.  mixture."  This  consists  of  vary- 
ing proportions  of  alcohol,  chloroform,  and  ether,  equal 
parts  of  each  being  a  good  combination.'^ 

Such  inixturrs  would  prubalily  prcsvnl  ntlvaiitjigo  over  either  ■nesthetic 
■lone,  if  they  were  pniprrly  uteil.  But  pe^1m)>^  rvtrn  mure  c^jwriritce  iji  re- 
quired to  hnndle  |>ro|irr]y  a  mixture  of  thiji  kiu<l  than  lo  linndle  eilher  of  (hc 
[  otben.  Of  other  anc^lhctics  of  the  hydn>caTbun  M:hc»,  hn'mt'/orm  aUme  his 
be«ii  tucd  to  anv  extent,  but  il  hai  never  been  (lopular,  ntu)  iti^  u^c  i>i  justly  on 
the  derreaw  ft  i«  not  very  ure,  ilecnmpof^es  very  re-adily,  nnd  prn-^si^ii  rvo 
Ap)wrent  AdvaoUges.  htAyi  tr^mui,  etc.,  have  never  allaiDcd  any  gmt 
popuWit^. 


1  V.  OTHER   GENERAL  ANKSTHETICS  ADAPTKD  TO  ANIMALS. 

The  ™«rr|>tibilily  of  difftrcni  nnimnls  to  ihe  %MrUHis  anefilhelicii  i<  wme- 
fihjit  different  truni  thnt  <>l  mait ;  further,  llie  i|ne!itit)n  i>f  enpeo-SA  i»  of  some 
lilUe  m)|x)flance,  «o  ihul  k  M^arate  diH.-uft&ioii  of  lhi!>  subject  may  be  useful. 

{'A.'."T/;irw/,  undihiied,  i«  the  most  dnn^rtms,  and  should  generally  be 

'  led  in  all  ruses  iifhrr  is  compAntiiveiy  wfe.  Su  «ic  A.  C  R.  mt^turn. 
ctnnpoKd  of  eijiiul  parts  has  given  ^imkI  uiliafaclioo. 

In  the  dc't;,  thei«  oneMholici  are  Ikcst  preceded  by  a  l.ir^  dai«  of  morphin 
(o  05  100.15^"*-  hyp"dermically,  4'?  (rtihitumi  giveu  hnll  nr  hour  before.  This 
IcAv^is  straggling,  nnd  grmtly  diminiiihct  the  smouul  of  itnestheltc  necessary. 
If  the  exprriment  aihnits,  Iht- trachea  may  be  connecteit  with  a  2-necked  Wolf's 
iMttte  cootainii)]^  the  anesthetic.  (See  (J'hap.  XXXIV.)  The  concentration 
of  ihe  rapor  can  be  incrcAwd  ur  diminished  by  lowerir^  or  raising  the  lube  in 
ttte  btrtlle. 

The  author  has  experimented  to  ^ome  extent  with  ^isolint  on  dogs,  and  has 
obuined  the  wune  msults  m  these  of  Klf^tmnd  on  pcnlitn,  pcnul.  <*tc. 

In  fiT»gx,  ilie  concenlmled  raixir  of  );a<u)hne  cauied  purely  paratytic  symp- 
tons.  In  mammals,  it  is  capable  of  being  used  when  largely  diluted  I  1  : 8 
atcobiil  I,  aul  the  aneitUrNiit  may  then  be  kept  up  aa  long  m  two  hours,  without 
noltceable  tuid  eflrcts.  If  oirrfully  handled,  il  proihirrs  no  change  in  hlood 
pressure,  pulse,  or  respimtion.  It  is.  bowe%-er,  mllier  unsafe  even  in  this  con- 
crntraliuu,  liiM.'c  it  putducea,  its  toxic  rtTccls  \cTy  suddenly.  However,  when 
piren  in  lhe/«Wx»»<'  mixture  (Clup.  XXXIV'I,  il  is  no  niote  dnngcnju>  and 
considerably  more  powerful  thon  the  A.  C.  E.  mixture. 

Ihe  toxic  rlf<.*vt>  obliiined  froiu  loo  coucvninited  gasoline  vaixJT  consist  pri- 
manly  in  very  (huniclcrulic  con v  11 U ions.  Ttie^  are  beU  -aetn  when  the  gaso- 
line IS  ;^«en  in  stnmg  form  withi.iut  other  anesthetic.  The  anhnal  str^iggles 
vjfjleiitly,  thru  falls  on  its  side  and  claws  tlie  air  with  all  fours,  as  if  running. 
The  puptU  are  widely  dilated.    ReBexe»  ab»enL    The  simmiis  are  intermittent. 


^  BiUnXb't  mixtutv  cotuiits  of  :  Chloroform,  5  ;  Ether,  Alcohol,  At  I. 
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and  between  tlicro  the  dog  is  perfectly  liuip,  except  thai  the  toes,  tail,  ukI  eye- 
lids continue  1u  twitch.  The  respiration  is  fiist  slimulaled,  then  weakened. 
There  is  a  paralysi!i  of  the  vagii5,  then  a  dopression  of  the  cardiac  mutcle,  and 
later  of  the  vaMitnolor  center.     Hither  hcait  or  respiration  may  slop  tirtl. 

( fifHxol  shows  similar  chaoges. } 

A'liMifs  do  not  bear  ihew  stronger  anesthetics  %-eTy  well,  they  at*  best  attei- 
thetiiEed  by  the  methods  given  in  Chapter  XXXIV. 

Ckhroform  actlam  \  chloretone  ),  which  has  been  highly  recommer>d«l  by 
some  (sAtarated  solution  by  stoviach,  catheter  25  c  c.  for  rabbits.  250  c  c.  fof 
dog  uf  medium  site},  has  not  been  &iiccc!>£rul  or  safe  in  the  hands  of  the  author, 
proving  even  mor<r  ilangeroas  than  chloral.  Othw  independent  obserren 
have  also  found  that  the  fnlal  dose  is  one-seventh  that  of  chloral,  arid  that  i( 
lies  much  clos<!r  to  the  naicottc  do&e.  Death  rc><ults  from  respiratory  paralysis 
with  siiDullaneons  ci-ntml  vasomutur  paralysis  and  cardiac  depTfssinn — the  lat- 
ter, however,  not  as  prrjiiounced  as  in  the  case  of  chloral.  There  is  alio  an 
ettcci  ujMn  metabolism,  which  finds  exp^c^s)on  in  a  great  lowering  uf  tempet- 
ature  and  diminution  of  oxygen  consumption,  and  the  animal  often  thowi 
nuirannus  when  the  acute  effects  have  passed  off. 

l/rriltiine  also  proilucrs  a  iruuiced  fall  of  temperature,  and  in  large  doiex  1 
very  profound  and  acute  dcgenenilion  uf  the  liver  cells. 


VI.   PR.VCTICAL  RUI.F.-S  FOR  ANESTHESTA. 

Preparations.^ — Rtfnre  commencing  the  atiministration, 
the  patient  should  be  prepared  b\'  receivirifj  a  cathartic  on 
the  previous  day,  and  nothinfj  but  a  very  light  meal  for  at 
least  two  hours  before  the  anesthesia,  tn  prevent  the  dis- 
charge of  the  contents  of  the  aHmcntaiy  canal  during 
the  anesthesia.  He  should  be  carefully  examined  for  car- 
diac, renal,  and  pulmonary  disease.  He  should  then  be 
placed  in  such  a  position  as  to  tiiteifcre  to  the  smallest  pos- 
sible extent  with  respiration  ;  the  head  preferably  lmi\  The 
clothing  should  be  loosened  and  all  foreign  bodies— laLse 
teeth,  etc. — removed  from  the  mouth.  All  tlie  in.^trumcnts. 
etc.,  apt  to  be  used  should  be  at  hand  before  the  adminis- 
tration is  started — both  anesthetics,  mask-.  h)-[x>dermic  with 
str}*chnin.  brandy,  etc. 

It  is  very  useful  to  administer  a  hypodermic  injection  of 
Morphin  %  grain  and  Atropin  -55^  about  half  an  hour 
before  the  anesthetic  is  started.  The  former,  besides  its 
tendency  to  lessen  the  apprehension  of  the  patient,  lessens 
the  struggling  and  excitement  of  the  first  and  second  stages, 
and  thereby  reduces  the  greatest  element  of  danger  ;  and. 
further,  the  amount  of  anesthetic  required  is  much  less — a 
great  advantage  in  view  of  the  aftcr-cflfects.  The  atropin 
lessens  the  tendency  to  stoppage  of  heart  and  respiration. 
through  vagus  inhibition.  It  has  also  been  proposed, 
with  a  view  to  the  same  result,  to  cocainize  the  nasal 
mucous    membrane.     The  advantage  of  this    seems   very 
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doubtful.     Care  should  be  taken  to  have  tlie  patient  close 
his  eyes. 

In  regard  to  the  administration  of  the  anesthetic  iiself ; 
This  is  usually  doni;  by  w/utiatiou,  since  the  amount  can  be 
much  more  readily  regulated  in  that  manner.  Attention 
should  be  directed  to  tlie  following  points ; 

The  eoM^enlraiii'tt  of  the  vafic' .  Il  must  Ijc  well  underiHix>d  lliat  the  dan- 
ger arisen  fmm  ihc  concentration  of  the-  anc^lhetici  and  not  fmni  the  actual 
amount  employed.  With  rcRatd  to  thin  conceotratkin,  cxprnincots  have 
xbi(W-n  that  the  ]>ricenlage  uf  clhrr  rti  the  rc^pirixl  air  must  hv  ^.b  vol.;  uf 
chloraronn,  I  5  vol.  The.'«e  limits  nrr  r^uitc  safe,  and  Much  quantitative  mix- 
lur«  have,  indeed,  been  Riven  by  ijjetiol  tippnmtHi.  A^lde  from  the  cumber- 
Some  naluie  of  the  latter,  on  iniporiant  ohjccliou  to  &ach  Mandart)  mixture?!  is 
the  slowtteM  with  which  they  pn^lure  ane^^theiia.  It  \%  certain  that  much 
stronger  mtilures  than  ihes<*  may  be  borne  for  n  short  time,  and  are  ijuile  bafe 
io  starting  the  anesthetic.  Nur  bnve  any  of  the  other  apparatus  dcMfved  or 
attained  any  popularitr. 

The  fact  is  that  no  mechanical  device  can  replace  the 
sense  of  responsibility,  the  constant  watchfulness,  and  the 
quick  reasoning  of  the  experienced  anesthetizer.  Anesthe- 
tization is  not  a  physical  experiment  wlierc  the  facttjr.-i  can 
all  be  foreseen,  but  the  condition  of  the  patient  is  apt  to 
vary  from  moment  to  ni<jment,  and  must  be  taken  into 
account.  The  state  of  the  res|>iratinn  must  be  carefully 
watchc<i :  if  the  patient  holds  his  breath,  the  mask  must 
be  held  farther  away,  since  the  next  respiration  will  be  an 
especially  deep  one.  When  the  respii.ition  becomes  slow 
and  shallow,  this  sij^nifies  that  a  sufficient  amount  has  been 
taken,  and  that  the  quantity  may  be  lessened.  The  object 
is  to  give  no  more  than  is  necessary  to  just  keep  the  patient 
anestlietized.  On  tlie  other  hand,  care  must  be  taken  to  keep 
him  thoroughly  under  the  influence,  for  shock  is  much  more 
common  under  partial  aue.sthesia.  Since  the  respiration  and 
pcirculation  react  one  upon  the  other,  so  that  no  change 
could  occur  in  the  latter  without  being  noticird  in  the  for- 
mer, and  since  most  acd<Ients  occur  from  stoppage  of  the 
respiration,  it  may  be  sufficient  to  watch  this  alone,  as  is 
advised  by  some.  Kut  as  it  is  of  the  highest  impoitance 
to  discover  beginning  failure  of  the  one  or  the  other  at  the 
earliest  possible  moment,  the  anesthetizer  cannot  be  consid- 
icred  as  doing  his  dutv*  unless  he  carefully  observes  both. 
The  argument  that  watching  the  circulation  distracts  the 
attention  from  the  respiration  should  not  hold  ;  the  anes- 
thetizer should  be  able  to  keep  his  attention  fixed  upon 
both. 


448 


SEKIE.S    OK    HVDK()CAKBf>N    NARCOTICS. 


CH.  XIX. 


Tlie  fact  that  the  required  concentration  of  ether  is  much 
greater  than  with  chloroform,  leads  to  the  temptation  not  to 
admit  sufficient  air.  This  must  be  carefully  guarded  atjainst, 
or  a5ph)'xial  symptoms  may  result  simply  frt>m  a  delident 
supply  of  oxygen. 

Chloroform  is  given  on  a  cloth,  held  sonic  lillle  distance 
from  the  face,  and  best  supported  on  a  frame.  W'itli  eitlicr 
anesthetic  the  mask  should  at  first  be  kept  fairly  away 
from  the  mouth,  until  some  narcotic  effect  is  obtained,  lo 
lessen  the  feelinj;  of  chokiiiy  froni  the  concentrated  vapor, 
The  patient  should  be  cncouraiicd  to  breathe  quietly  and 
regularly.  Cuuntiny  is  a  gutxl  expedient  for  tliis  pur})0<iC. 
With  regard  to  the  chloroform,  this  is  best  dropped  m  a 
regular  manner  on  the  cloth.  The  rate  should  under  no 
circurn.staiices  e.vceed  6o  per  minute,  and  usually  shnuhl  not 
be  over  I3.  After  the  anesthetic  stage  has  been  induced  6 
drops  per  minute  will  usually  suffice.  Tliis  \m11  he  found 
better  than  to  remove  the  mask  altogether  and  reapply  rt 
'  with  a  larger  di^se  when  the  patient  shows  signs  of  re- 
covery. 

The  tofit^uv  may  fall  back  and  interfere  with  respiration, 
as  denoted  b\'  noisy  breathing.  In  this  case  jt  will  usually 
suffice  to  push  the  jaw  furwartl.  but  it  may  be  necessary  to 
draw  out  the  tongue,  if  much  mums  accumulates,  tliis 
shtjuld  be  removed  with  a  cloth.  If  vomttnig  uccurs.  Ok 
head  shoultl  be  turned  to  the  side. 

It  the  symptoms  of  the  fourth  stage  (p.  459)  should  make 
their  appearance,  or  if  either  heart  or  respiration  should  slww 
signs  of  failing,  the  anesthetic  should  at  once  be  withdraw! 
and  restorative  mea.iures  started.  These  consist  in  lowir- 
ing  the  head  of  the  [patient,  in  order  to  give  the  medullary 
centers  the  benefit  of  any  circul.ition  .<:tlll  remaining.  A  fc«f 
rliythmic  conl[l^es^^c;lns  ofthu  epigastrium  ma)'  l>e  tried,  but 
if  these  do  not  succeed  quickly,  artiHcial  respiration  by  any 
of  the  methods  sliould  be  begun  at  once.  The  cardiac  re- 
gion should  also  be  compressed  at  the  rate  of  ."seventy  drocs 
per  minute,  since  this  aids  the  action  of  the  heart  antl  .sup- 
plies a  mechanical  stimulus.  A  venesection  is  sometimes 
efficient  in  starting  tlie  heart,  but  is  aUvaya  risky.  Fttr,vh- 
ZiUion  of  the  phrenic  and  nf  the  heart  has  al.su  been  advo- 
cated, but  appears  tn  be  prompted  more  by  the  desiic  torfo 
something  than  by  any  rational  \-icw  of  the  <tbject  to  l>e  -ic- 
complished.     Stimulation  of  the  phrenic,  to  be  sure,  causes 
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contraction  of  the  diaphragm  and  inspiration,  and  if  done 
intermittently,  wouhl  take  tiie  place  of  artificial  respiration. 
But  it  possesses  no  advantage  over  the  latter,  and  besides 
the  fact  that  the  time  required  to  adjust  the  apparatus  might 
be  much  better  utilized,  tliero  is  apt  to  be  stimulation  of  the 
vagus — a  most  undesirable  feature. 

With  regard  to  faradization  of  tile  heart,  there  is  no  more 
effectual  way  known  of  killing  this  urgaii  than  electric 
stimulation  (by  the  production  of  dehrium  cordis),  and  the 
only  reason  why  more  harm  has  not  been  done  by  this 
senseless  procedure  is  tliat  the  electricity,  as  it  is  ordinarily 
applied,  does  not  penetrate  through  the  chest  walls. 

Of  drugs,  str>clinin.  b\'  \-irtLie  of  tlie  stimulation  of  the 
Krcs|>iratr>rv'  and  vasomotor  centers,  is  verj-  useful  if  given 
Bin  time — /.  f.,  while  it  may  still  be  absorbed.      Injection  of 

normal  salt  solution  should  al\va)'S  be  tried. 
H      One  of  the  best  methods  of  rcsuscit^iting  animals  is  by 
(strong  sensor^' stimulation,  as  of  the  sciatic.     Myptxlcrmic 
injections  of  ether,  which  have  been  used  in  man,  might  be 
J  supposed  to  act  in  the  same  manner.      Hut  clinical  observ- 
ers condemn  their  use,  and  experiments  on  animals  show 
'that  the  stimulus  is  too  weak  to  produce  any  effect  (Fig. 
70.  -5). 

I      Small  doMftcanse  do  perceptible  change  in  blood  pressire  or  hurt  mle, 
whibt  la^er  do«es  produce  narcosis,  with  fall  of  blood  pressure. 


I 


It  is  often  necessary  to  keep  patients  lightly  under  the 
influence  of  an  anesthetic  uhen  no  skilled  a.sf)istant  is  avail* 
able,  as  in  obstetric  practice.  Here  a  method  of  seif- 
inhalation  suggested  by  Brunton  is  ver>'  useful. 

The  inside  of  a  tumbler  is  covered  with  blotting-paper. 
A  few  drops  of  chlornform  arc  poured  on.  and  this  is  given 
tf>  the  patient,  with  directions  to  hold  it  an  inch  from  his 
ijnouth  and  inhale.  This  works  automatically,  for  as  the 
patient  becomes  narcotized  he  naturally  allows  his  hand  to 
drop,  and  so  removes  the  tumbler  ;  and  as  soon  as  he  be- 
comes conscious  and  sensitive  to  pain,  he  will  replace  it. 
It  would  not.  of  course,  be  possible  to  induce  deep  anes- 
thesia in  this  manner. 

Besides  the  use  of  anesthetics  in  operation,  they  are  often 
used  in  obstetrics,  especially  chlorofonn.  Not  complete 
anesthesia,  but  merely  a  dulling  of  the  pain,  is  desired  here, 
amd  the  dose  should  be  small,  since  larger  quantities  are 
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apt  to  prolong  the  labor.  Small  quantities  are  also  used  to 
dull  the  excitability  of  the  central  nervous  system  in  strjxh- 
mw-poisomng^  and  other  convulsions,  as  also  in  pain  or  in- 
somnia. 

Besides  the  narcotic  action,  the  iocaJ  irritation  of  these 
drugs  is  ustrd  therapeuticaUy  in  the  same  manner  as  alcohol, 
chloroform  being  a  ver}'  active  rubefacient  and  much  su- 
perior to  ether,  since  the  latter  evaporates  too  quickly. 
The  use  of  chloroform  as  anthelmintic  and  of  ether  for 
freezing  is  discussed  elsewhere  (Chap.  XXX,  F).  Bromo- 
form  (i  to  7  drops  on  sugar)  is  given  in  whooping-cough. 

VII.  MATERIA  MEDICA. 

-%Chloroformum  (U.S. P.,  B.P.K — Gilorofomi.— Contwnsal  \r^M^p 
CHCl,  ma(k  by  distilling  alcohol  with  cbloriiuied  limf^  and  purifying  IM 
product.  Sp.  Gr.  1.49.  Soluble  in  300  p«ns  of  water  and  in  All  prtiporthw 
or  alcohol  or  ether.  Ik>jliii|--paint,  60°  to  6i<*  C.  Not  iiiBarotnabie.  D»u: 
0.1  10  1  c.c.  (3  10  IS  minims). 
Preparations  : 

A<fua  Chlorfffn-mi  (U.S.P.,  B.P.).— A  uluraled  ftolutitm  in  water.  (MhIi 
by  agixation.)     Klavoiing  and  hyiinotic.    Dost :  4  10  15  c.c.  (1  to  4  dnchnu). 

Kmulium  Chhroformi  {X M.V .\. — A  4$  einulnioii.     Doxr c  awnc 

,^*^Spiritui  CHlvro/vrmi  {\}.S.Y.,  B.P.).— A  (>%  koiutiun.  /?#«.•  3I04 
c,c.  (^  to  I  tlmchm). 

!^*^  LinimtHtum    CkioroformL — 30$    with    ao^i  linimmt,   U.S.F.  [$0)1 
I  campliur  liiilniciiL,  B.P.]. 

*  Afiituni  Chlurofarmi  tt  Cminobit  Jmlica  Comptnila,  N.F, — Eadi  Ki* 
spounrul  contains 0. 5  c.c  each  Chlantfunn  and  Tr.  Cannabis  Itulica  ;  0.35  cc. 
Tr.  Ckp!)icuni;  ami  o.oi  Gm.  Mur|)iiin  Sulphate. 

TinitHra  Ckit<roformi  et  Morpfiiitrt  Comtvii/a  (B-P.).— 7-5lt  chlorofofia; 
1%  of  Murpliia  Kydrticlilor..  and  5%  uf  Dilute  Mydiocyanic  Add  ;  alsoC^ 
ticum,  Peppermint,  and  Cnnnabi^  Indtco. 

*  3rjmi>/,>r>num^  CHIir, — DoJf.-  O.05100.4C.C.  (1  lo  5  nuniou). 

»*,  A(her  (U.S.P.i— ^W/A«n>  AMrr,  £/^y/  at/"./— Contjunii  96^  ^ 
weight  uf  (C,H|],0;  made  by  acting  on  alcohol  with  strong  suhthunc  •rid. 
distilliag,  and  purifying  the  product.  End-rcacrion  ^  af^^lTjOll  -t-  HfSO, 
=  it:|".),0  t  11,0  i  (I,SO..  Sp.Gr.,  0.725  too.72«;  boiU  at  37*  C.  In- 
flammable.     Soluble  in  lo  vol.  cif  water. 

This  is  the  .AM/r  Purifieaius  (B.P.).     ^thtr  (B.P.)  Ma  less  pUFt  inJ 
more  wat«ry  Ether. 
PreporattoHi  : 

,«.  Spiritm  Mtheris  (<^  Ether,  ^  Alcohol,  U.S. P.)  [^  Ether,  ^  Alco- 
hol, B  P.].— /Jfx^c-  I  to  4  c.c.  <V  Itt  I  drachm). 

SpiritM  ^€.tkeru  Compoiitm  (U.S. P.,  B.P.).—"  HofTroaon's  Anodrtte  "— 
Above  with  %.yk  of  "Ethereal  Oil."      Df^i^ :  ume. 

^.thtr  Acttum  (U.S.P.  BP-V— C,Mi.C^H,0,.  Boiling  point,  76*  C 
Soiubility  in  water :  8  parts. 

Acetonum,  CH,Q>.CHj.  — Boiling-point,  56*  to  58*  C.  SoWent  far  Ua. 
minB,  rxibber,  camphor,  gun-cotton,  etc. 

*Not  official. 

The  most  important  prep*ntjens  tre  narked  »*^ 


I 


I 

J 


CHLORAL. 
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(D)  GROUP  OF  HYDROCARBON  HYPNOTICS. 

All  thcmcmbrrs of  the  ({yilrocaibnn  Group  ttnc),  in  small  dosc^,  to  produce 
sleep.  But  toany  have  proi>cnie9  which  prcTcnt  their  being  used  fnr  this  pur- 
pose. Thus,  chlofofonn  and  ether  are  too  irritant  to  llie  stooiach  and  later  to 
other  oTgatu;  and  l>cing  rapidly  absorbed  and  excreted,  their  action  is  not 
suRtcientty  lasting.     Further,  the  preceding  stimulation  is  not  desirable. 

K     I,  The  hypnotic  qualities  of  alcohol  have  already  been 
^"  discussetJ,  and  its  advantages  wilt  again  be  summarized  on 
page  456. 

a.   Of  the  drugs  belong^inp  particularly  to  this  group  the 

I  oldest  and  most  important  is  chloral  hydrate, 
i      Hiifl  is  chemically  trichloraldehyd  : 
« 


CHrCOH 

'  Eth)  I  Aldehyd 


ca,.coH 

•=  Chlural. 


ca,.coH.H,o 

•  Cbluial  Hydrate 


Thi<  sub^lanrr  was  discovered  by  Liebig  In  1S31  and  introduced  ai  a  hyp- 
notic by  LJebreich  In  1869.  Itc  a>>>umed  that  it  was  decotDposed  in  the 
ocfftnisra,  aa  il  is  by  the  action  of  alkalies  in  Ihe  tesl-luhe  : 

I  CCL.rOH  -f-  KOH  ^  CKCI,  r-  KCO^H 

■  Cbioral.  ChlorDlumi.        Put.  Vurmale. 

This  it  not  the  ca.<u:.  the  chloral  being  excreted  Tor  the  most  part  as  un>* 
chlorabc  acid.  'I'his  latter  reduces  Fehling's  iinlvilian,  which  gave  rise  to  the 
erroneous  asseriiou  that  chloral  cnu.scs  glyw^uria. 


Htht 


Action. — This  occurs  along  the  same  lines  as  with  the 
whole  hydrocarbon   scries :  depression,   first  of  the  brain, 

en  of  the  spinal  cord,  and  lastly  of  the  medulla ;  and, 

ally,  a  direct  action  upon  the  heart  muscle.     The  action 
developed  much  more   slowly,  however,  than  with  the 
fluid  members  of  the  series.     Witli  small  doses  it  is  quite 
possible  to  confine  it  purely  to  the  brain,  resulting  in  a  Icss- 

icd  receptivity,  and  a  lowering  of  Uie  mental  activity,  and 
m  this  way  producing  sleep — for  the  most  part  indirectly  by 
the  cutting-off  of  afferent  impulses.  This  resembles  the 
natural  sleep  in  every  particular — as  in  the  latter,  the  respi- 
ration and  pulse  are  slowed,  but  not  more  than  with  normal 
sleep. 

Somewhat  larger  doses  cause  a  deeper  sleep,  with  less- 
ening of  the  spinal  reflexes  ;  and  as  the  do.se  is  increased, 
the  depression  of  the  meflulla  makes  itself  felt  by  jAiW//_i^(^ 
the  respiration  and  feUl  of  blood  pressure.  The  vasomotor 
paralysis  is  so  prominent  that  chloral  is  often  used  in  the 
laboratory  to  secure  paralysis  of  this  center.  The  pulse  is 
also  slowed  through  a  direct  action  on  the  cardiac  muscle. 
The  action  on  the  isolated  heart  is  precisely  as  with  chloro- 
:  a  lessened  rate  and  amplitude,  sometimes  preceded 
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by  a  short  increase  due  to  direct  irritation.  As  in  the 
case  of  chloroform,  it  is  impossible  to  state  to  what  extent 
the  vasomotor  and  the  cardiac  paralysis  respectix'cly  are 
concerned  in  the  fall  of  blood  pressure.  A  dilatatwn  of  tkt 
cutaneotis  vessels  is  quite  a  marked  feature  and  may  lead  to 
the  appe-irancc  of  skin  eruptions.  Larger  doses  always 
cause  a  ms-vkcd  fali  of  U'tfifunuuti-  on  account  of  this  cutane- 
ous vasodilatation  coupled  with  the  diminished  production  of 
heat  from  lessened  movement  (and  perhaps  lessened  irrita- 
bility of  the  lieat-regulatiiif^'  centers  ?).  In  fa/a/  doses  death 
is  ordinarily  caused  hy  paralysis  of  the  respirator)'  center, 
althtjujjh  it  may  take  place  by  paralysis  of  a  weakened 
heait,  just  as  in  tlie  case  of  chloroform.  On  this  account, 
and  because  it  is  apt  to  induce  the  same  degeneration  of 
organs,  it  is  contraindicatcd  in  the  same  conditions  as  chloro- 
form— degeneration  of  heart  or  vessels,  nephritis,  etc.  ;  also 
in  lowered  actixitj^  of  the  respirator)'  center. 

The  action  of  chloral  upon  metabolism  consists  in  an  in- 
creased destruction  of  proteids,  the  waste  products  being 
excreted  in  a  less  completely  oxidized  condition  than  is  the 
case  normally. 

The  iocai  action  of  chloral  is  so  pronounced  as  to  allow 
of  its  use  as  a  rubefacient.  Us  action  on  the  stomach  is 
consequently  ven,'  prominent,  and  it  must  be  largely  diluted 
with  water  before  administration  ;  else  it  may  produce  vomit- 
ing. In  any  case,  large  doses  arc  apt  to  show  after-cfl'ccti. 
referable  to  a  j^astritis. 

Chronic  chloralism  is  a  condition  of  no  great  rarity.  It 
produces  the  same  degcneratioiw.  moral  and  physical,  as 
docs  alcohol. 

The  mtdinMi  with  which  the  hypnotic  actinn  of  ch1f>nl  passes  into  pani 
ysia  of  metiulln  and  hrart  hns  instigntrd  a  ftcarch  for  subnitule^,  fH>n«  of  wbch, 
iiowcrer,  linvc  »o  £nr  succeeded  in  diKjilscin^  the  chloral  etilirelj. 

3.  Butyl  chloral  is  said  to  be  specific  In  neuralgia  of  the 
fifth  nerve. 

4.  Chloral  formamid  : 


ca^cH<g{J 

Chloral 
Hydraie 


ca,.cH<S«^ 

Chlonilnniil 


Chkinl  foimamld 


has  approximately  the  same  action  as  chloral. 

5.  Chloroform  Acetone  (Chloretonc)  has  recently  been 
introduced.      It  has  the  formula: 


I 
I 


ecn    n 


CHLOROFORM    ACETONK. HE[K)NAL. 


453 


CH, 

ca,c oH(C4H,oa,). 

CH, 

In  the  doses  in  which  it  is  used  it  has  no  action  on  circu- 
lation or  rcspirntion.  and  is  not  dangerous  in  even  much 
larger  doses.  But  its  effect  is  also  not  so  very  strong. 
Really  narcotic  doses  are  even  more  dangerous  than  chloral 
(see  p.  446). 

6.  Chloralose  is  a  compound  of  chloral  and  glucose  : 


t 


ccLcoH  +  aH„o,  =  <:,ii„ci,o,  +  h,o. 

CUonl  GlucoK  CblonloM 


It  differs  considerably  in  its  action  from  chloral.  Besides 
being  a  stronger  hypnotic,  it  heightens  the  refiexes.  instead 
of  depressing  them,  as  docs  chloral,  it  ^Uo  has  a  much 
lesser  action  on  the  heart,  and  produces  practically  no  local 
irritation.  It  is  somewhat  more  slowly  absorbed.  It  de- 
sen^rs  preference  over  chloral,  except  when  the  insomnia  is 
due  to  an  exaggeratetl  reflex  irritability.  Others  claim  that 
^ts  action  is  very  uncertain. 

r      7.  Hypnal  i%  n  compnuml  nf  rliltnl  And  anttpyrin,  and  cnmbinesihe  nciiont 

Somnal  is  not  ■  cbetmc  ctunpound,  but  a  mixture  of  dilural,  alcofaol,  and 
lurtluine. 

Besides  these  narcotics  in  which  the  suhittiluletl  C\  plars  an  imjMittiiDl  WSlc, 
m  number  of  Ofree  hydnicBrbons  are  used.  They  piwseH  li^ss  dangerous 
action  on  the  nieduUft,  but  are  «ls«  much  weaker.  Of  these,  one  of  ihc  most 
typical  IS : 

8.  Urathane.  NM, — CO — 0-C.IIj.  It  is  ■  very  good  and  harmless 
hrpnotic,  but  nu4  very  strong,  and  patients  soun  bcctimc  immune  to  il.  Uie- 
tbanr  is  very  wiluble  and  may  be  aHniinistercd  in  «>luiiort,  in  do»c»  up  to  ^j. 

It  ba*  quite  a  decided  diuretic  ncti-tn.  It  lower*  ihc  cxcreiion  of  tiiiroRen 
and  sulphur,  even  in  du>e>  as  snutll  as  y^  Gm.,  whilst  the  phosphorus  is 
increased. 

9.  Hedonal  is  methyl-propyl-carbinol-urethane,  NH, — 
^O — OCH — CH,.CsH,.      This  new  hypnotic  is  claimed  to 

be  as  harmless  as  urethane  in  its  action  on  the  blood  pres- 
sure and  respiration,  and  yet  twice  as  strong  as  chloral  in 
hypnotic  power.  It  is  also  markedly  diuretic,  and  is  there- 
fore administered  dry  or  with  but  little  liquid.  The  hyp- 
nosis begins  in  about  half  an  hour  after  tlie  administration, 
And  resembles  natural  sleep,  the  patient  awaking  refR'shcd. 
It  is  no  so  active  as  chloral  in  pain. 


454 


SERIES   OF    HYDROCARBOK   NARCOTICS.         CH.  XIX. 


10.  Sulfonaly  Trional,  and  Tetronal. 

iCH,),C(S(Vt;'U)i  =  iJulfonal. 
CH,.C,l4.C(SO,.C,Hj),  =  Trional. 
(C,H,),ClSO,C,H,),  =  TennnaJ. 

These  three  resemble  each  other  ver>'  closely  in  thdr 
action.  Since  Trioiial  is  the  more  soluble,  more  quickly 
absorbed,  and  more  active,  it  is  now  preferred. 

They  are  less  dangerous  tlian  chloral,  but  do  not  act  as 
strongly  on  pain,  and  if  used  for  the  latter,  must  be  sup* 
picmcntcd  by  Morphin, 

Their  excretion  seems  to  be  slower  than  their  absorption, 
so  that  tlicre  is  a  tendency  to  a  cumulative  action.  This 
leads  to  gastritis,  renal  ilisease.  and  ilt-understood  changes 
in  the  blood  resulting  in  hcmatoporphyrinuria.  The  latter 
has  so  far  been  produced  only  In  man  and  in  rabbits.  These 
pheiujtncna  can  be  avoided  b)'  inlcnnitting  tlie  admini^^tia- 
tion  at  times. 

Sulphonal  habit  has  been  reported. 

Quite  ft  number  of  fatal  cases  of  acuic  sulphoHtil /^iiffning  are  on  rec- 
ord. Tlic  pTimiiiii'iil  syriiptumit  w«rc  ;  Vflnuun  fontis  of  pKnI]r<na,  often  ot 
wide  extern — rnrely  ^lutsms:  varioow  cutaiieou*  eniptiotu;  gutroloiestinal 
disturbance  and  exlrein^;  cen!iti|)alian  ;  cardiac  and  rc^ipiiaiory  wcaknea  mlh 
a  peculiar  dys^mea  ;  somnitlence  ur  inwinnia,  frequently  with  mental  disorder. 
Hem.itr^irphyrinuriais  ool  always  seen  in  acute  cases.  The  aaiopsy  is  gcn- 
crolly  ne^ifttive. 

It.  Paraldebyd,  J/CII^CHO).  is  a  safe  and  efficient  hypnotic,  ibe  aiiin 
objection  to  it  lyiiiy  in  the  diMigFceatilc  and  very  [xniittcut  tutc,  and  npcdallr 
odor.  The  [aIIit  in  very  lasting,  since  Ihc  dnig  is  e]tcnMe<l  in  1ar(e  y»A 
Ihimtgh  ihe  lunj*^-  It  is  *^^^  irritmil  1m  (he  aluDenlary  canal,  and  is  coatrft' 
indicated  in  gastritt^. 

t3.  Amylene  hydrate  \*  nUo  somelinie«  tt»ed  a«  a  hypnotic.  It  has  «en 
pmnonnced  after-eirects  hke  ihuse  uf  nlcnbol.  ll  i;^  cUimed  that  it  aUodtmA' 
idled  the  polyuria  and  polydipsia  of  diabetes  in&ipidm. 

MATERIA  MEDICA. 

,%C«/m?/(U,S.P.\  [Chlnml  Hydras,  B.P.]  {Chloral  /fY.frate\—?n^utA 
by  acting  on  ojcohol  with  chloiiu  and  purifying  the  pfvnlucL.  Colorleu  ct}'*u1^. 
freely  u>lulile  in  water,  alcohol,  and  ether.  Dae:  0.3  lu  l.$  Cim.  (5  Uj  i$ 
gmtiiii)  (maximal  ditiie,  \  Gni.).     largely  diluted. 

Syrufm  OnWal  (B.P. }. — One  dracbui  —  lo  grains  of  chlotal.  Dm*:  % 
to  2  dmcbnu. 

*CMloritiMm  CamphornlHiN,  N.F, — A  liquid  cotnpoccd  of  nfual  parts  of 
cainphor  and  chloral.     For  external  use. 

*Mi!:lNra  Chlonili  et  Fataisii  Bromidi,  N.F. — Each  leasponnful  contaua 
1  Gm.  (15  gn.)  ench  cht»ral  and  I'ot  Bromid,  and  8  mg.  (^  srain)  c«cb  «f 
£xt.  Cannar>is  [ndica  and  Ext.  Hyoficyamuti. 

Butyl  Chloral  HytiraU  (B.P.)  {Croten  Chhral  //wfrW*^  — Sot«bIe  io  50 

*  Not  official. 

The  most  important  preparations  are  marked  ,% , 
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parts  <J  water,  rrecljr  in  ftla^iol  or  gtycerin.     Dou  :  0.3  to  I  Gm.  (5  to  15 

t^Ckiornl  FormamiJahim   {Cfilora/amiJ). — Soluble  ID    20  p«lts  water  or 
1.5  alcuhol.      Dou  :  o.d  \iy  1  Om.  (lo  lo  30  grniris]  ;   maximal,  4  Gm. 
*Cktorafor*n  Aittont  {CtiliwcUmc)- — Scilubic  in   125  water.     Bert  given  ia 
capsules  or  tableu.     Dosr:  to  1  Om.  (1$  f;raiiui). 

^^CkUffttioie. — Freely  soluble  in  but  water.  Date  .•  0.310  0.5  Gm.  (5  to  8 
gratiu).      Best  in  capsules 

•//►/««/  ^Cliloral  Amipyrin). — Soluble  in  6  p«ns  water.  Dou:  I  Gm. 
( 1$  gmins). 

*Urrihanf. — .Soluble  in  t  part  of  walcr.  Diftr  :  to  4  Gm.  (to  I  drachm). 
Bcsl  in  umall  quantity  of  waier, 

^*,f/r,iffniil. — Very  soluble.  Diue :  W  2  dm.  (30  graiiu).  Besl  ID  powder 
or  »mall  (|uanlilY  of  s[Hril>. 

StU^mal  ( B  P  1,  »",  7'rifiHal,  and  *T/froHnt — Soluble  iu  300  to  500  ports 
of  water,  readily  in  alctiboL      Dose  :  lo  2  Gni.  1 10  gr>. ).     Best  ai  powders. 

•  ParaUekyJum  lU.S.P  .  BP.). — Soluble  tn  8.5  parta  of  water.     Don:  1 

Cm.  (15  drnpn)  dtiAolrefl  in  brandy. 

*Am\'Un«  ily*ir,iU. — ^Sohible  in  8  part:»  of  water,  readily  in  tlcoho],  etc 
-D^t€  :  I  to  3  Gm.  (15  to  jo  grain*).     BeM  in  glycerin. 

I     It  will  be  useful  to  sum  up  at  tliis  point  all  the  remedies 
used  for  the  production  of  sleep.     They  have  received  the 
name 
^  HYPNOTICS. 

{Synonyms. — Soporifics,  Sornnifacunts  ;  Narcotics,  if  they 
produce  depression  of  the  psychic  areas  aside  from  their 
soporific  cfiect ;  Anodynes  or  Analgesics,  if  they  are  especially 
active  in  relicviny^  pain.) 

The  indication  for  the  use  of  Hypnotics  is  insomnia, 
^1  whether  from  excitement,  pain,  cou^h,  ner\'Ousncss,  etc. 
^  In  the  treatment  of  this  condition  it  must  be  remembered 
that  the  drugs  of  this  class  act  purely  symptomatically ; 
that  they  soon  lose  their  effect;  that  none  of  them  are 
cntirtly  free  from  objection,  be  it  through  the  tendency-  to 
the  formation  of  drug-habit,  through  an  irritant  effect,  or 
through  the  danger  of  overdosage.  They  should  not, 
therefore,  be  resnrted  to  except  in  case  of  necessity.     The 

■  dose  at  the  be^jinning  should  be  very  small- — it  must  be 
remembered  that  in  many  cases  the  action  of  the  ]i>"pnotic 
itself  need  not  be  very  lasting,  for  sleep  once  induced  tends 
of  itself  to  corvtinuc.  And  thi.^  small  dosage  presents  the 
opportunity  of  enlarging  the  dose  when  the  patient  becomes 

■  accustomed  to  it.  When  the  hypnotics  need  to  be  con- 
tinued for  a  long  time,  it  is  well  to  change  frequently  to  a 
hypnotic  of  another  type,  to  return  to  the  first  later.     This 

•  Not  ofikial. 

The  most  important  preparations  are  marked  ^^ 
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obviates  to  a  great  extent  tlie  irritant  effects  and  also  the 
difficulty  of  tlic  patient  bccutniiig  accustomed  to  the  dru^. 

It  is  the  duty  of  the  physician  to  Inquire  into  the  under- 
lying condition  ;  the  removal  of  this  frequently-  renders  druys 
unnecessary.  If  it  depend  upon  worry,  califein,  late  catinjj, 
late  hours,  or  want  of  exercise,  these  conditions  should  be 
removed-  When  it  depends  upon  a  preconceived  idea  of 
the  patient  th-it  he  cannot  go  to  sleep,  then  a  harmless 
powder  of  an)'  kind  will  often  have  the  desired  effect. 
Other  cases  arc  due  tn  a  faulty  circulation  :  anemia  of  the 
brain  is  sure  to  induce  sleepiness,  wiiile  cungestion  is  apt 
to  result  in  insomnia.  When  the  tone  of  the  blood-vessels 
is  impaired,  the  effect  of  gravity  in  lying  down  may  send 
an  added  supply  of  l>lood  to  the'brain.  and  in  this  manner 
produce  wakefulness.  Drugs  like  digitalis  would  be  of  the 
greatest  benefit  in  such  conditions.  Mucli  may  be  done  by 
drawing  blood  from  the  brain  by  applying  warmth  to  the 
extremities  and  abdomen. 

'ihe  Hypnotics  may  be  c];issed.  according  to  their 
clinical  action,  into  the  following  types: 

1 .  Akokol,  including  beer  and  wines :  there  is  a  tendency 
to  preceding  excitement,  but  no  dangerous  depression. 
The  hypnotic  action  is  weak. 

2.  Urttkaut'.  ththnal,  Trional,  Pamidchyd :  These  !iave 
a  comparatively  slow  but  lasting  action.  They  are  only  to 
a  slight  extent  analgesic,  and  depress  reflexes  less  than 
chloral;  but,  on  the  other  band,  are  less  dangerous;  they 
must  be  considered  intermediate  in  strength  of  action  and 
in  danger  between  alcohol  and  chloral. 

3.  6 AA^rrt/ possesses  a  quick  and  tasting  action.  With 
large  doses,  it  is  markedly  anodyne  and  towers  reflexes,  but 
is  dangerous  on  account  of  depression  of  medulla.  It  is 
apt  to  produce  gastric  irritation. 

Oilorahse  differs  from  chloral  in  heightening  reflexes, 
and  it  has  less  action  on  medulla. 

4.  Aromatic  Hypnotics. — !-actophenin  :  The  side-actions 
limit  its  value  to  febrile  cases. 

5 .  Alkaloidal  Narcotics  : 
{a)  Morphin  group :  Specifically  against  pain  ;  heiglitens 

reflexes.     Ust-fut  in  cough. 

ip)   Cannabis  Indica:  Preceding  excitement     Uncertain. 

(c)  Hyoscyamin :  Especially  in  psychic  exaltations  and  in- 
sanity. 


6.  Mineral. — Bromids  (especially  of  potash):  Supposed 
to  act  by  simple  depression  of  tlic  activity  of  the  brain- 
cells.      No  depression  of  mcdulia.      Weak. 

The  drugs  may  also  be  grouped  acconling  to  the  form 
of  insomnia  in  which  they  are  especially  indicated,  as  fol- 
lows: 

{a)  In  pain :  Morphin.  Large  doses  of  chloral  or  chlor- 
alose. 

(h)  In  ficn-ousfu'ss  or  excitement  or  increased  reflex  irri- 
tability (tctiiius,  epilepsy) :   OUoral,  Triontil. 

(r)  In  delirium  or  worry:  Hyoscyandn,  chloral ^  bromids. 

id)  In  mild  cases  :  Alcohol.  Urcthane. 

When  several  of  these  indications  exist,  much  good  may 
be  done  by  the  combination  of  several  hypnotics. 
Contraindications : 

Morphin  and  chloralosc:  Increased  reflex  irritability. 

Cliloral :  Uepresstf)n  of  medullar)'  centers.  Tendency  to 
\'ascular,  heart,  kidney,  lung,  or  gastric  disease. 

SulfontU:  Tendency  to  nephritis. 


CHAPTER  XX. 

(A)    ASPHYXIANT  GASES. 

This  series  comprises  a  numlxrr  of  gases  v^'hich  agree  with 
the  hydrocarbon  narcotics  in  tlieir  action,  although  differing 
widely  in  their  composition. 


I 


(al  NITROUS  OXID  (LAUGHING  GAS).  N,0. 
As   ordinarily   used,   the    cfTccts   are    largely    those   of 
asphyxia,  differing  from  the  ordinary  asphy.xia  in  that  they 
are  less  unpleasant  and  lead  less  rapidly  to  jieart  standstill. 

This  asphyrta  \t\\%  nwiy,  if  Ihe  gas  U  inhaled  mixed  witH  oxygen  (30^ 
of  the  lalietj.     Id  ibis  case  there  is  a  direct  action  on  the  nerve  cells. 

T.  si:mm.\ry  nr  AcrroNs. 

The  effects  consist  in  either  case  in  a  stimulation,  followed 
by  paralysis,  of  the  central  nervous  system,  beginning  in  the 
brain,  then  spreading  to  the  spinal  cord,  and  at  last  affect- 
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ing  the  medulla.     There  is  al^o  a  paralysis  of  the  heart 
muscle,  coming  on  in  the  last  stages. 

II.  DETAILS  OF  ACTION. 

The  symptoms  arc  at  first  those  of  excitement,  usually  of 
a  pleasant  variL-ty  {lauyhtcr,  etc.).  Then  follow  ioss  of  sen- 
sUnlity  to  pain  and  incoordination  of  movements.  This  is 
as  far  as  the  action  goes  when  the  gas  lias  been  mixed  with 
oxygen.  If  purr  gas  is  used,  or  the  mixture  is  used  under 
pressure,  these  symptoms  pass  into  those  of  asphyxia: 
loss  of  consciousness,  heightened  reflexes  passing  into  con- 
vulsions, and  later  paralyses  from  the  eflTect  on  the  spinal 
cord.  The  effects  upon  the  medulla  lead,  in  the  stimulant 
stage,  to  a  guukenifig  of  the  respinitiou  and  stimulation  cf 
the  vasomotiyr  center,  with  consequent  high  blood  pressure. 
This  latter  is  of  some  importance,  since  it  i*^  said  to  have 
gi\'en  rise  to  apoplexy  in  persons  predisposed  to  this.  Later, 
both  the  respiratory  and  vasomotor  centers  are  paralyzed  as 
well  as  the  lieart  muscle. 

ni.  ORDINARY  ANESTHESIA. 

As  ordinarily  used,  the  gas  is  inhaled  through  a  tightly 
fitting  mask  until  the  face  becomes  cyanotic,  and  is  then 
removed.  This  anesthesia  lasts  thirt>*  to  si.xt>'  seconds — 
long  enough  for  short  operations,  such  as  those  of  dentistry. 
Anesthesia  cannot  be  kept  up  for  any  length  of  time  by 
means  of  this  gas.  and  its  usefulness  in  surgery  is  therefore 
limited.  It  is  the  least  dangerous  of  the  anesthetics  :  of  tlic 
many  thousands  of  cases  anesthetized  with  this  gas,  only 
about  nine  fatalities  are  recorded. 


(b)  CARBON  MONOXID  (CO). 

(Carponic  Ann,  CO,.) 

Cflrbon  Monoxid  is  the  main  poisonous  constituent  of  the  Tipon  trisng 
ikom  hiirniiig  charco*!  or  coal,  al&o  of  itlutNtHating gas.  This  contains  fnm 
6%  to  io<f.. 

The  it^ett  ol  coal-KAs  ii  due  to  xobstances  containing  Mitphur  which  hin 
c(Kn|nrativeIy  a  Mnall  |)ui«onous  action,  and  are  consequenUy  *tciti  rtlutklt  indn 
of  its  toxidty.  When  brcftks  in  tindergmund  gas-pipcii  eiifit,  the  gas  tokj  filler 
through  the  stnl  into  dwcllinir?.  This  tiltraiion  deprives  it  of  its  odor,  but  not 
of  it«  toxic  action,  and  it  is  thereftirc  especially  dangerous. 

The  timit  eftoxidty  of  carbon  mnnoxid  in  air  is  live  parts  in  teo  Tlm—^ 
It  is  faut  wheu  it  reaches 0.5$^  to  1%. 


vp ; — CO ; — cOj. 
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I.  CARBONIC  OXID  HEMOGLOBIN. 

The  action  of  carbon  monoxid  is  purely  one  o^  aspkyxia. 
It  combines  with  hemoglobin  and  so  renders  it  incapable  of 
carrying  oxyjjen. 

The  carhcnie  exid  hem<'ghbin  .so  fonncd  is  not  a  perfectly  stable  substance. 
Carbunic  oxid  combines  with  heTi)oglul>r[i  two  htindred  tiineH  mme  reatlily  than 
does  oxygen  ;  con'«c4uently  when  oxygen  is  present  in  very  great  cxceivA.  the 
carbunic  uxtd  hrmuglubin  will  agniii  be  decuiiipOMnJ  and  uxybemuglobin  fumicd. 
It  is  in  Ibis  way  ihat  iwrsoiia  <|uile  deeply  jxtisuned  can  he  rttniciiattH  hy  artt' 
fiftal  rapiraticH.  On  the  other  hand,  it  is  not  oecesiuu^  that  all  the  oxygen 
be  displaced  frutn  the  blood  before  death  re^itUts. 

The  carbonic  oxid  hemoglobin  possesses  a  spectrum  very 
similar  to  that  of  oxyhemoglobin.  It  may  be  distinguished 
from  this  by  the  addition  of  some  reducing  agent,  such  as 
ammonium  sulphid.  which  changes  the  two  bands  of  oxy- 
hemoglobin into  the  single  band  of  reduced  hemoglobin 
(see  Fig.  71).  The  bands  of  carbonic  oxid  hi;inoglobin 
undergo  no  change. 

Tht  symptoms  arc  probably  purely  asphyxial,  and  the 
description  applies  equally  to  carbonic  acid,  except  that  the 
action  of  the  latter  is  much  slower.  When  animals  arc 
placed  in  oxygen  tmder  a  pressure  of  2  atmospheres  (to 
bring  enough  oxygen  into  solution  in  the  serum),  but 
containing  sufficient  CO  to  completely  saturate  their  hemo- 
globin, they  exhibit  no  symptoms,  showing  that  the  CO 
itself  is  not  poisonous. 

II.  SUMMARY  OK  ACTIONS. 
Stimulation,  then  paralysis  of  the  central  nervous  system, 

the  order  being  ;  brain,  spinal  cord,  and  medulla. 

III.  DETAILS  OF  ACTIONS. 

The  first  symptoms  arc  those  of  excitement,  resembling 
verj-  closely  alcoholic  intoxication.  Then  begin  the  symp- 
toms referable  to  siimuhtion  of  the  meduUary  centers.  The 
ddiUors  of  the  cutaneous  I'essels  are  first  affected,  resulting  in 
flushing  of  the  skin.  This  has  a  peculiar  cherry-red  color, 
due  to  tiie  carbonic  oxiti  hemoglobin.  The  Nooii  pressure 
rises  from  stimulation  of  the  vasomotor  center.  This  is  fol- 
lowed by  paralysis,  with  marked  fall  of  blood  pressure. 
The  extreme  dilatation  of  the  vessels  gives  rise  to  ecchymoses, 
which  also  show  the  peculiar  cherr\'-rcd  color,  and  when 
present  are  quite  characteristic.  The  vasomotor  paralysis 
tis  very  slowly  recovered  from. 
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The  heart  is  Ai  first  slmvcd^  from  stimulation  of  the  vagus 
center,  and  the  slowing  is  accompanied  \iy  palpitation.  This 
is  followed  by  quicktmng  cjiie  to  vagus  paralysis.  Tlie 
respiration  is  dyspncic.  Stoppage  of  respiration  forms  the 
usual  cause  of  death.  Of  other  symptoms  referable  to 
medullary  stimulation,  vertigo,  nausea  and  i>omiting,  and 
mydriasis  may  be  mentioned. 

About  the  time  of  the  medullary  ^stimulation,  the  stimula- 
tion s>'mptoms  of  the  brain  give  place  to  paralysis  of  this  or- 
gan. Unconsciousness  occurs,  as  a  rule,  fairly  suddenly.  There 
is,  of  course,  anesthesia.  These  conditions  pass  into  coma. 
Motor  symptoms  do  not  usually  occur  until  after  the  uncon- 
sciousness. They  consist  in  convulsians,  the  seat  of  which 
has  not  been  located,  but  which  probably  involve  the  whole 
central  nervous  sy.-itcm.  These  are  followed  by  a  paraJysis 
beginning  in  the  lower  extremities  and  progressing  upward. 
Stimulation  of  reflex  spinal  centers  also  results  in  the  invol- 
untary passage  of  feces,  urine,  and  semen.  The  ratio  of 
urea  to  total  nitrogen,  in  the  urine,  is  lessened  in  poisoning 
by  coal-gas. 

All  these  symptoms  may  be  promptly  removed — if  the 
medullary  paralysis  has  not  advanced  too  far — by  prompt 
and  vigorous  artificial  rcspiratinii.  which  forms  the  treat- 
ment of  such  poisoning.  The  inhalation  of  oxygen  gas  is 
useful,  if  this  be  at  hand. 

Tlif  lymptnms  of  itihnlinj;  Carh^tHii  Acut  w*  nKnlifltly  the  «aine  a«  thow 
deljiilfd  for  CO.  They  occur  even  when  the  gas  is  mixed  with  a  sufficiency 
of  Oxygen.  A  closer  iinat;si!i  of  llie  <«yini>toiiu  show>  tlial  the  direct  acttiA 
of  (T)^  on  ihf  nerve-ccntcr*  is  depressant.  The  prrtnnry  oitnulnlion  it  rcflei, 
and  arises  ttirouf^h  iieripheral  stimulation  of  aflcrenl  nen'cs  of  the  Tcspiratarr 
paisoges.  It  ocvurs  with  any  iriitaiil  gns.  Tlie  action  ufCO,  on  the  ftxig's 
tiearl  causes  a  decrease  in  its  rale  and  strength,  ond  finally  Mandstill- 

Thc  after-effects  of  carbonic  oxid  poisoning  are  quite 
lasting  in  man.  Uiis  is  probably  due,  at  least  in  part.  Iff 
impurities,  for  where  the  pure  gas  has  been  administered  to 
animals,  recovery  was  perfect,  with  no  alter-eflcct-s. 

These  late  actions  in  man  consist  in  a  very  listing  head- 
acJu,  due  perhaps  to  the  persistence  of  the  vasomotor  paral- 
ysis. Nausea  is  also  quite  frequent.  The  coma  may 
persi-st  considerably  after  all  the  carbonic  oxid  has  been 
removed.  On  the  part  of  the  central  nervous  sy.stem  there 
may  be  more  or  less  persistent  paralysis  or  chorea,  A  Itns 
of  memory  is  not  infrequent. 

Chronic  poisoning  by  carbonic  oxid  or  carbonic  acid  is 
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found  in  persons  living  in  impure  air,  and  belongs  properly 
to  the  subject  of  hygiene. 

The  diagiii'sis  of  coal-gas  poisoning  must  be  made  by 
means  of  spectroscopic  examination  of  the  blood.  For 
medicolegal  purposes  it  mu.st  he  iememl>ered  that  carbon 
monoxid  gradually  disappears  from  the  blood  if  it  has  been 
exposed  to  the  air,  probably  inside  of  eight  days, 

As  to  the  ultimate /r2/^  of  CO  in  the  organism,  some  ex- 
perimenters claim  tlial  it  is  oxidized  to  CO,;  others,  that  it 
is  excreted  in  toto  unchanged.  It  is  not  possible  to  decide 
definitely  between  those  at  present,  but  the  weight  of  the 
evidence  is  in  favor  of  the  latter  view. 


I 
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I  (0  CARBON  DISULPHID. 

ThJA  sulntniu'c  lioB  only  a  (cixicologic  im|>urlancc.  Ilif  cxIcnMve  use  in  the 
aru  in  thr  vulciinizing  uf  mbbcr.  often  canied  on  in  smnll  faclaries  wtlh  very 
<Wfcc(nc  bytficnic  coiiditinris,  lrc<)urutly  |i;aib  Id  ciirunic  inluxicalioii.  It  it 
also  U4e<i  ih  an  in^cctiddr.  ant]  thi^  lut^  (■ivrii  ri^ic  to  jioiKimng. 

Acute  poisoning  is  very  rare.  On  animals  the  symptoms 
resemble  those  of  asphyxia,  although  it  is  not  known  to 
what  extent  they  are  due  to  this,  or  to  tlie  direct  action  of 
the  drug.  They  consist  in  convulsions,  anesthesia,  paraly- 
ses, and  dtrath  by  st'jppage  of  respiration. 

Symptoms  of  Chroaic  Poisoning. — These  may  not  ap- 
pear for  weeks,  months,  or  even  longer.  They  consist  in  a 
depression  of  the  central  nervous  system,  preceded  in  some 
ca.scs  by  a  less  well-marked  excitation.  They  may  be  di- 
vided into  thiec  stages  : 

The  first  stage  consists  mainly  in  disturbances  of  the 
scHsortHm  (headache,  formication,  vertigo,  etc.),  and  also  in 
gastro-intestiual  catarrh. 

The  second  stagf  shows  mentai  excitatitm.  sometimes  pass- 
ing into  mania.  There  is  at  the  same  time  a  diminution  of 
ntuscuiar  ptnver. 

The  third  stage  shows  mainly  paralytic  symptoms.  The 
metttai  faculties  and  the  special  senses  are  impaired.  There 
are  tretnors,  contracUires,  convulsions,  or  epilepsy.  There 
are  also  peripheral  neurites,  leading  to  paraK'sis  and  atrophy 
of  the  muscles.  The.se  show  the  reaction  of  degeneration. 
Ataxia  has  also  been  reported. 

For  the  rest,  the  symptoms  are  those  of  marasmus. 

Death  does  not  occur  until  very  late. 
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The  ncrvc-celU  and  dendrites  show  marked  degenerative 
changes. 

(d)  ARSENIURETTED  HYDROGEN  (AsH,). 

Its  action  is  different  from  that  of  arsenic.  It  produces 
a  destruction  of  blood-corpuscles,  and  consequently  anemia 
and  icterus.  For  the  rest,  it  causes  nephritis  and  general 
asphyxial  symptoms.  It  is  impossible  to  say  at  present 
whether  those  asphyxial  symptoms  are  due  to  the  direct 
action  of  the  drug  on  the  respiratory  center,  or  to  the  dimi- 
nution of  the  blood- corpuscles. 

(e)  NITROBENZOL. 
This  substance  also  produces  purely  asphyxial  symptoms 
(more  closely  resembling  those  of  methemoglobin). 


\ 


(B)  OXYGEN. 

This  element  exists  in  two  forma  :  as  Oxygen,  O^  and  as 
Oj  (ozone). 

Ozone  (Oj). — ^The  presence  of  this  gu  in  the  air  is  often  claimed  uooe 
of  the  atlracliuns  of  health  r780Tl&.  but  tt  exi&ts  at  best  in  extreiocljr  amsll 
fttnouiiu  [f.  ^,,  0.015  tu  15.8  milligrEUos  in  100  liters  of  sir).  These  could 
not  h«VF  any  eHcci  of  whatever  kind. 

Effr<ti  of  Inhalation. — Uxoiie  liaui  not  so  f«r  been  ohuined  pure,  lince  »!1 
the  inethodi  u«e<l  for  its  manufncture  also  dftvelop  oitroait  acid.  Tlie  gu 
produced  in  this  nriAnner  ii  quite  a  !Krong  local  irritant,  causing  inflamnMlim 
of  the  mucou»  membrancft,  etc.  Suullec  doMS  act  ratber  as  ■  twrcotic,  and 
later  produce  somnolence,  cotivulsions,  and  finally  death  by  edenw  of  <l«e 
lungs. 

Oxygen. — In  view  of  the  necessity  of  oxygen  to  life,  it  has 
been  extensively  tried  to  utilize  this  gas  in  almost  all  diseases. 
I4owever,  it  has  not  been  as  successful  as  its  advocates  had 
hoped.  In  explanation  of  tliis.  and  to  establish  the  role  of 
oxygen  therapy,  it  must  be  remembered  that  the  capacity 
of  the  blood  for  the  absorption  of  oxygen  is  limited.  It 
forms  a  definite  chemic  compound  with  hemoglobin,  and  as 
soon  as  the  latter  is  saturated,  the  blood  will  not  take  up 
any  further  amount,  no  matter  how  great  the  percentage  of 
oxygen  in  the  atmosphere.  Even  less  than  the  amount 
existing  in  the  ordinary  air  seems  quite  sufficient  to  saturate 
the  blood,  if  left  in  contact  with  it  a  sufficient  length  of 
time,  With  the  normal  amount  of  oxygen  in  the  air,  the 
normal    rapidity    of   circulation,   and    the    normal    extent 
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of  the  lung  surface,  the  blood  is  almost,  but  not  completely, 
saturated.  This  small  difference  between  the  possible 
B  and  actual  satu  ration  seems  sufficient  to  cau  se  some 
"  stimulation  to  the  formation  of  erythrocytes  ;  so  that  the 
prolonged  and  repeated  administrat'nn  of  oxygen  raises  the 
number  of  coq>usclcs  and  hcnK>y;Iobin  even  in  normal  indi- 
viduals, but  the  effect  is  certainly  quite  sma\\  in  health. 
B  The  case  is  vcr>'  different  in  disease.  When  the  absorp- 
tion  of  oxygen  is  in  any  way  impeded, — by  mechanical 
obstacles  in  the  respiratory  passages,  as  in  croupous  condi- 
tions ;  by  the  lessened  amount  of  lung  surface,  as  iit  pleu- 
risy and  emphysema,  pneumonia,  or  edema  ;  by  a  lessened 
amount  of  oxygen  in  the  air.  as  in  poisoning  by  asphyxiant 
gases, — the  blood  passes  tlirough  the  pulmonary  circulation 
before  it  has  time  to  ahsitrb  all  the  oxygen  which  it  is  capa- 
ble of  absorbing.  Hence,  in  all  these  conditions  oxygen 
would  be  indicated  without  question.  Were  it  not  for 
practical  difficulties,  the  admixture  of  oxygen  to  the  vapors 
of  anesthetics  would  be  the  ideal  way  of  administering 
these  substances,  since  it  very  greatly  lessens  the  danger 
of  asphyxiation,  without  interfering  with  the  anesthetizing 

■€  fleets. 
More  obscure  and  doubtful,  however,  are  its  benefits  in 
conditions  where  the  absorption  of  oxygen  is  not  interfered 
with,  but  where  oxygenation  is  none  the  less  deficient :  ane- 
mia, Icucemia,  chlorosis,  fatty  degeneration,  etc.     Oxygen 
H  causes  an   improvement  in   these  cases.    'I'his  is  probably 
Hexplained  by  the  above-mentioned  stimulating  effect  of  the 
■  slight  excess  of  oxygen  saturation  over  the  norma!.     The 
"  appetite  is  increased,  the  fat  disappears,  the  red  corpuscles 
and  hemoglobin  are  increased  in  quantity.     It  is  similarly 

•  useful  in  strx'chnin.  etc.,  poisoning.  (See  p.  135.) 
An  important  drawback  to  the  use  of  oxygen  in  private 
practice  is  the  difficulty  of  storing  and  transjwrting  the  gas. 
The  quantity  required  is  quite  large ;  30  to  40  liters  at 
atmospheric  pressure  being  the  dose.  However,  it  can  be 
jrrcspondingly  lessened  by  using  the  compressed  gas, 
rhich  is  conveniently  stored  in  metal  cylinders. 
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CHAPTER  XXI. 

(A)  CAMPHOR  GROUP, 

I.  MEMBERS. 

Camphor  and  substancc»  chemically  allied  to  it — i.  e„ 
camplioiic  acid,  monobromated  camphor,  Borneo  camphor, 
mentliol,  thymol,  musk,  etc. 

Camphijr  i.«  a  slenrupleiic — 1.  r.,  a  M>li(l  body  t]epuftit«il  fiom  a  v<ilBtiIe«l. 
CbemiciiJIy  it  belungi^  to  the  teriwnex,  having  for  typ«  lur[>«ritinc,  Ci^H,^ 
'ITiis  grwup  may  be  splil  up,  so  ihnt  there  are  hcmi-wrpenc*,  Cjll^  stsqtti- 
terpenes,  C,jH„,  cic. 

TIte  tnvJie^  bielonging  (o  this  group  have  the  following  ooinpositioo  : 

C|,H„     =  Tuqwnltnr. 

C„H„0  =  Camphor)  !:i'-"»S'°  =  Monobromated  Camphor. 

CjjHjjO  =  Borneo  Cninphor. 
C^K^O  =  Menthol 

This  group  bears  a  gt'uerat  resemblance  to  the  essentiai  oils 
from  which  the  members  arc  derived. 

Camphor  h  first  mentioned  in  the  Ambtc  litemturc  about  ihe  sixth  century. 
It  vftL-i  nf  this  time  very  rare  ami  valuable,  and  was  iv>l  preixarcd  afiitkially, 
ii-s  camphor  is  now,  but  waa  a  kind  foand  native  in  tlie  tnmlc  of  ■  Sanudao 
tree. 

The  action  is  closely  related  to  the  carbolic  acid  grt^p. 
The  most  important  difference  is  on  tlie  central  ner\*ous  s)'S- 
tem,  in  which  thi.s  group  brings  out  the  stimulating^  phase, 
whereas  with  the  carbolic  acid  group  the  paralysis  is  the 
more  conspicuous.  In  this  manner  camphor  is  also  related 
to  the  picrotoxin  tJroup. 

II.  SUMMARY  or  ACTIONS. 

1.  Stimulation  of  the  central  nervous  system^  followed 
by  paralysis  in  large  doses. 

The  action  on  Ihe  central  nervous  system  begins  in  the  brain  and  ihen  p«i 
on  to  the  medulla.  In  (he  frog  the  spinal  con]  i»  first  involved  and  paralyJcd. 
so  as  to  hide  any  action  tm  the  brain. 

2.  Stimulation  of  the  cardiac  muscle. 

3.  Locally,  stimulation  and  paralysis  of  the  sensor>' 
nerve  endings;  also  stimulation  of  (he  nerves  conveying 
sense  of  cold  in  tlie  case  of  menthol. 
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4.  Mildly  antiseptic,  after  the  manner  of  essential  oils. 

5.  A  curare  action  on  striped  muscle. 

III.  DETAILS  OF  ACTION, 

I.  Central  Nervous  System. — (a)  Brain:  The  stimu- 
lant symptoms  begin  in  man  witli  impuUwc  mm^cmcHts, 
I  confusion,  delirium;  tlien  follows  uucofisciousncss -with  epi- 
\  iefitiform  compulsions.  The  latter  have  been  attributed  to 
stimulation  of  the  medulla,  but  some  expeitments  seem  to 
show  that  they  are,  at  least  partly,  located  in  the  brain. 
The  lower  animals  give  expression  to  this  excitement  by 
increased  motion. 

(b)  Stimulation  of  the  medulla  is  shown  in  man  first  by 
vertigo;  later  all  the  medullary  centers  are  stimulated;  tlie 
respiration  is  increased  in  volume  and  rate.  The  blotHi 
pressure  rises ;  the  face  and  skin  are  flushed,  due  to  stimu- 
lation of  the  vasodilator  center.  Large  doses  paralyse  the 
medulla  and  cause  death  by  collapse.  The  (c)  spinal  cord 
also  shows  some  stimulatitm,  and  finally  paralysis,  but  this 
idoes  not  came  on  until  late,  and  is  not  Important  in  mammals. 

r  (d)  In  frOgSi  on  the  othirr  hand,  the  ftolirm  nn  the  spinal  cord  t»  tvry 
^^t'nifurt,/,f,  and  «>n«*ts  in  a  fNiralytii.  This  enlirrly  ob«:urM  any  nclion 
wbtL'h  Ihe  drug  may  havt  higher  up  in  the  nenuii^  •tysteni  in  these  animnla. 
It  ■ppenn  that  the  |Kilh  for  reflex  impalBex  is  blocketl  before  that  for  ttnpulies 
conuttg  froRi  thr  higher  brain. 

(e)  Action  on  the  Circulation :  The  blood  pressure  usually 
rises^  or  shows  alternate  rise  and  fall. 

That  the  rise  in  blood  pressure  is  not  due  to  any  great 
extent  to  convulsions  is  shown  by  the  fact  tliat  it  occurs  in 
curarized  animals.  It  is  caused  mainly  by  a  stimuiation  of 
tlte  i-asomotor  center;  and  this  stimulation  must  be  inter- 
mittent  in  character,  for  the  variations  in  the  blood  pressure 
are  independent  of  the  respiration.  The  stimulation  of  the 
heart  also  contributes  to  the  rise  of  blood  pressure,  as  is 
shown  by  the  fact  that  this  occurs  even  in  deeply  chloralizcd 
animals.  Tlie  reflexes,  especially  those  arisinjj  from  the 
stomach,  also  contribute  to  it,  as  some  rise  is  seen  before 
any  of  the  camphor  can  be  absorbed. 

I     3.  The  action  on  the  heart  consists,  on  the  whole,  in  a 
^sienifing,  but  the  contractions  are,  at  tlie  same  time,  greatly 
strengthened.      Possibly  this  is  (Jue  to  some  extent  to  stim- 
ulation of  the  medullary  cardiac  centers  ;  but  it  is  in  grcat- 
st  part  due  to  a  direct  stimulation  of  the  cardiac  mmcie ; 
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for  in  the  frog's  heart  the  strengthening  occurs  here  after 
any  poison,  showing  tliat  its  action  is  mostly  on  the  muscle- 
fil)ers  themselves,  and  not  upon  any  nervous  mechanism. 
On  the  normal  heart  it  produces  lengthening  of  the  s)stole 
and  shortening  of  the  diastole;  somewhat  after  the  manner 
of  digitalis. 

3.  The  local  action  is  similar  to  that  of  the  essential  oils, 
or  of  very  dilute  carbolic  acid,  producing  some  irritatwn 
and  tfien  am'sf/usia.  This  detcrnunes  its  use  for  local  ap- 
plication in  liniments.  Menthol  shows  a  peculiar  stimula- 
tion of  the  nerves  conveying  the  sense  of  i^o/t/.  The  skin 
/ff/s  cooled  after  the  application  of  the  substance,  although 
there  is  no  fall  in  the  temperature,  the  vessels  in  fact  being 
dilated.  The  irritability  of  the  endings  for  the  sensation  of 
heat  is  also  increased. 

The  irntaut  ot-tion  of  small  doses  of  camphor  on  the  di- 
gcstive  canai  is  used  agavtst  dyspepsia.  Large  doses  pro- 
duce vomiting. 

4.  Applied  directly  to  frog's  skeletal  muscle,  it  produces 
a  Curara-like  action.       This  is  not  seen  in  mammals. 

5.  Camphor  has  a  slight  antiseptic  action  which  deter- 
mines its  use  in  xwo\\i\\-u>ashf-s  antl  gnrgUs :  and  it  also 
forms  a  quite  efficient  intestinal  antiseptic,  the  amount  of 
combined  sulphates  in  tlie  urine  being  lessened  by  it 
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IV.    ABSORPTION. 

On  account  of  its  volatility  camphor  is  absorbed  quite 
readily,  although  it  is  insoluble.  Howex-er,  the  absoriXion 
presents  ver>*  great  variations,  which  make  the  action  «• 
tremely  uncertain,  and  greatly  interfere  uith  its  usefulness 
in  therapeutics. 

Tlie  actions  of  the 


V.  OTHER    MEMBERS   OF  THE   SERIES 

are  so  similar  to  those  of  camphor  that  tlie  preceding  de- 
scription applies  to  them  als<K  They  have  no  advanta^fc 
over  camphor  in  therapeutics.  Musk  is  supposed  to  act  K 
the  same  way,  but  almost  nothing  is  known  about  this 
substance. 

VI.    THERAPF.imCS. 

I.  The  £jencral  action  ofcamphor  on  the  central  nervoos 
system — that  is  to  say,  the  stimulation  which  it  products— 
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made  use  of  against  all  collapse  coniJitions.  The  stimu- 
lation, as  has  been  pointed  out,  is  perhaps  partly  reflex. 
The  uncertain  adsorption  interferes  vcn*  greatly  with  its 
usefulness.  On  the  other  hand,  camphor  has  been  used  as 
a  nenyous  depressant,  as  an  anaphrodisiac,  and  so  on.  This 
rests  on  no  rational  basis. 

It  has  also  been  employed  against  hysteria,  but  consider- 
ing tlie  uncertain  course  of  this  disease,  it  is  impossible  to 
say  whether  camphor  is  ofimy  benefit. 

3.  The  dilatation  of  the  cutaneous  vessels  makes  cani- 
ihor  useful  as  a  diaphoretic,  and  in  colds. 

Like  the  other  Terpenes,  Camphor  has  found  some  em- 
loyment  in  titberculosis.  The  least  objictiotiable  method 
ould  seem  to  be  give  it  as  emulsion  per  rectum,  about  1 
m.  per  day.  It  has  also  been  u.scd  subcutaneously,  0.0 1 
iTL.  dissolved  in  oil.  being  injected  daily.  Most  observers 
rqjort  it  as  unsatisfactory. 

3,  Camphor  is  used  for  its  local  action  on  the  skin  as  a 

:ountenrritant,  and  for  its  local  anesthetic  effects.     For  the 

tier,  menthol  in  the  form  of  menthol  pencils  is  especially 

ful.     Camphor  itself  is  ctnplo>ed  in  the  form  of  spirits 

of  camphor  or  oil  of  camphor,  often  as  an  ingredient  of 

liniments. 

4*   Its  local  effects  upon  the  gastiic  and  intestinal  canal 

•vc  caused  its  employment  in  dyspepsia  and  as  a  carmin' 

Mti'C  and  intestinal  antiseptic.      For  tliis  purpose.  0.3   Gm. 

is  taken  three  times  a  day.     Like  the  essential  oils,  it  forms 

a  frequent  addition  to  gargles  and  mouth-washes. 
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VII.   MATERIA    MEDICA. 


^•,C«nphor«(U.S.P..  B.P.|. — Camphor.  —A.  stearopteae  obtained  from 
CutMam^mum  Camfikara^  l.;>unnex  ;  (-hina  and  japan. 

The  wotid  is  <li)Ui1lfd  wilti  wntrr  and  thr  M»lid  Camphor  separates  Trom  the 
_disti)lBlr.     It  is  further  ptiritie<l  br  siibUmnlion.      Ver>'  5)Mniigt]r  5r)|uble  in 
:f,  freely  in  aJcoho).  etc.,  and  id  fixed  and.  vdatile  oilv     Dou :  0.2  to  1.2 
13  to  3Q  grains). 
*rf^ratioHf : 
A^itaCiimfi^ffr(e{\}.^V.,  B.P.). — A  saluraled aqueous  solution  ;  very  little 
rrapeatic  acllcxi.     Dote  :  ad  libitum. 

^*uSp*rttut  Ctmpkfltv  (U.S.I'..  R.P.). — A    lo*  solution  in  alcohol  ;  not 
uatue  with  water.     The  best  furm  for  iotenial  aamitustrution.     Doif  :  2  to 
cc  (  H  to  1  drachm). 
^•^LmimfttHm  6V»mM<v«  (U.S.P,,  B.P.). — Camf-ktrettd  OH. — A  »% 
I  in  CoHouseed  Oil.     Best  form  fur  cxleraol  use. 


The  tiKMt  important  preparations  are  marked  ,%. 
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LinimtMium  Campkora  AmmoHialum  (B.P.). — Contains  camphor,  ud* 
tnoaift,  alc<i|iul,  and  oil  of  lavcntlct. 

Cfratum  Campkanr  (U.S. P.). 

TtH<tnra  Camphsra  Camf. — (B,?.)  (Pan^oric). — Sec  under  Opiam.  ptfe 
232. 

*  Camphor. Chloral  (N.F,).  — Equal  parts.     Used  cxternaHy, 

Camphor  is  al*o  conlaincci  in  the  following  phannncoprlAl  pre|)(iration» : 
I.iiiiincntum  Br1Ij(luni);t; ;  Lioiiu.  SiiiaplsCuiop. ;  Tinct.  Opii  Campb. ;  Pulri* 
Murphinie  Comp. 

*  Bomto  {Sumatra^  Camphor, — From  Dryohalanopt  Camphora,  Diplem- 
carpcw. 

Camphara  Affnc^rnmafa  iV.S.P.]. — Made  liy  henting  Bmmin  and  Cam- 
phor, insoluble  in  waier,  soluble  in  alcoliol.  JOtut :  o.  12  to  0.6  Gm.  13  to 
10  ginins). 

*  Aiielum  Campharitum. — Made  by  oxtdicine  Camphor  wiih  Nilrir  Add. 
Doif  :  0.6  to  2  Gm.  (10  10  20|^in5).  Said  to  dc  ipecilic  in  night-iwrau  of 
pbtliisi^.  Two  Gm.  aru  (jivt-ii  two  hours  bcfurtr  llic  expected  &weal.  Exlrr- 
nally  :  As  a  mild  antiseptic  gai-glr,  wa»h,  and  injection  in  the  manner  of  Catn- 
phor,  over  which  it  ha<i  ihe  ndvnnlage  that  it  cnn  he  di^sf^lved  in  any  prupor- 
tion  byAddmg  TO'^  of  iilci>lu>l  for  each  %  oi  cimphonc  acid.  It  \%  UMtalljr 
employed  in  strengths  of  from  0.5^'^  to  (>%. 

*  A^riiiH,  from  ti<'lf<ui  /.an,is  {Deie :  o  005  to 0,03  Gm  ),  is  atitotBed 
in  these  night -sweats.      I-arge  dows  parnlyie  the  heart  and  respiration. 

»•»  Mtnlkoi  (U.S.I'.,  B.P. ),— Stearu[>lene  derived  frtwii  (he  volatile  oil  of 
various  species  of  Mrnthn.  Slightly  ioliihle  in  water,  freely  in  akoho). 
Dt'Sf :  0.03  to  0.12  Gm.  ()i  to  2  grains).     EmplattrwH  MritthU  \h.VX~ 

25%- 

•*»  Thymol  (U.S.P..  B.P.)  — Sleamptrnif  {Phenol)  from  Thymns  *nlgant 
or  Carum  ajownn.  U«e<i  Mmilar  to  caniplior,  but  more  pronouocedly  inii' 
septic.     Dou:  0.05  to  i.o  Gm. 


(B)  HYDROCYANIC  ACID  GROUP. 

I.   OCCURRENCE. 

Hydrocyanic  acid  exists  as  amygdalin  in  many  plants. 
This  amygdalin,  when  pure,  is  almo.st  entirely  harmless. 
except  a.s  it  i.s  decomposed  in  the  body,  lint  in  most  plants 
It  coexists  with  the  ferment  cmulsin,  by  which  it  is  split  up  in 
the  presence  of  water  into  hydrocyanic  acid,  glucose,  and 
benzaldehyd : 

C„H„NO„  4-  3H,0  =  2C,H,/),  -t   HCN  -^  C^Hj.CIIO. 

One  gram  of  cherr\'  kernels  yields  1.7  mg.  hydrocyanic 
acid;  one  gram  bitter  almond  pulp  yields  2.5  mg.  hydro* 
cyanic  add. 

The  hvdrocyanic  acid  may  be  supposed  to  take  its  origin  through  the  tsld- 
actton  of  nitrates  and  alcohols  :  lhu«  : 

HNO,  -f  C,H,0  =  UNO,  +  C,H.O  -^  H,0 

Aldehyd. 

HNO,  +  C,H^O  =  HCN  -|-  HCO,H  +  H,0. 

•Noloflicial. 

The  most  important  preparations  are  marked  «%. 
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ACrrON   OF   CVASIDS. 

Th«ir  «i|*nifkance  is  pmbolsly  a  clicmic  one,  iitvce  llicy  enter  into  llie  oiBke-up 
u(  jinilcicU.  Tlic  cumplcx  pTutcrid  molecule  curilnins  atuinnttc  iiilxiU  amun^t 
it>'  coiutttnenlK  Time  are  nlinnst  tlrviml  nf  [>iii<M)iiiius  action.  Tlir  liy{K>t)ie«is 
hu  been  adT«n<;c<l  thnt  ihe  toxic  [im|)rrtie»  which  ntay  be  aojuiretl  by  proieidA 
•re  due  to  ibe  dei:oiD|K)siLiua  uf  tlicac  cmnpuuniU 


■  II.  SUMMARY  or  ACTIONS. 

Hydrocyanic  acid  is  a  7'io/enf  protoplasmk  poison.      It  is 
toxic  to  all  t'oi-ms  u J' life.    It  inhibits  rurnicntation  and  putre- 

B  faction.     It  retards  the  growth  of  plant.-^  and  the  movement 

^  of  animal  cells.  It  diminishes  nutrition  by  interfering  with 
tile  rcducinj^  power  of  tlic  tissues.  In  warm-blooded  ani- 
mals, however,  all  the  ssniptoms  arise  from  the  central  ner- 
vous  system. 

B  Cyanids  agree  entirely  with  hydrocyanic  acid  in  their 
action.  The  metallic  cyanids  also  exhibit  the  same  action. 
Tlie  ferro-  and  ferri-cyanids  and  sulpho-cyanids  however 
show  practically  no  li\  drocyamc  acid  action  unless  they  are 

■  decomposed,  as  by  acid.s. 
Hydrocyanic  acid  also  forms  ethers  {nitriis)  with  the 
alcohols.  These  possess  the  same  action  as  KCN.  The 
only  diflTerence  hes  in  the  rapidity  of  the  action,  and  this. 
again,  depends  upon  the  rate  with  which  the  cyan-radicle  is 
liberated. 
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III.  DETAILS  OF  ACTION. 

When  given  in  do.se.s  small  enough  to  permit  of  watching 
its  action,  this  is  seen  to  consist  in  ^  fleeting  stimulation  i^f 
certain  purts  of  the  central  nervOUS  BjSitmy/olit>we(i  by  de- 
pression and  paralysis.  The  action  begins  in  the  tnedulla, 
Tlie  vomiting,  respirator^',  vagus,  pii[)i  I -dilator,  and  vaso- 
motor centers  are  all  stimulated.  Then  comes  unconscious- 
Hiss,  and  after  this  commlsions.  In  man  these  are  probably 
mainly  medullary  in  origin.  Then  follows  paralysis  of  the 
whole  central  ner\'Ous  sy.stem.  Involuntary  evacuations  of 
feces,  urine,  and  semen  are  frequent. 

Peath  occurs  by  stoppage  of  respircttion,  the  heart  con- 
tinuing to  beat  for  a  short  time.  Isolated  twitchings  of 
the  cardiac  muscle  mav  be  seen  for  a  considerable  time  after 
the  regular  movements  have  ceased.  These  are  of  the  same 
origin  iis  the  postmortem  twitching  seen  in  skeletal  muscles, 
and  arc  not  sufficient  to  maintain  any  circulation.  The  ac- 
tion <m  the  heart  consists  in  a  paralysis  of  the  automatic 
property:  a  heart  which  has  been  stopped  by  hydrocyanic 
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acid  cannot  be  started  by  atropin,  showing  that  the  stop- 
page is  not  due  to  stimulation  of  tlie  vagus  ;  and  since  the 
heart  can  still  res|>ond  to  stimulation  by  single  contractions, 
the  muscle  is  nnt  paralyzed,  but  only  its  rhythmic  power. 

This  stoppage  of  the  heart  is  the  real  element  of  danger, 
although  the  respiration  is  the  first  to  give  out ;  for  respi- 
ratory paralysis  can  always  be  remedied  by  artificial  respi- 
ration, whilst  cardiac  paralysis  cannot  be  relieved. 

Applied  to  the  skin,  hydrocyanic  acid  causes  local  anes- 
thesia by  paralysis  ot  the  sensory  nerves. 

IV.  EXPLANATION  OF  THE  ACTION. 

The  phenomena  of  the  action  of  hydrocj'anic  acid  on  the 

central  nervous  system — the  stimulation  of  the  medullary 

centers,  the  convulsions,  the  vascular  paralysis,  etc. — bear 

a  close  resemblance  to  those  of  asphyxia ;  and  probably 
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I'lg.  7J. — ^jjcciroscopic  baud  of  blood  pipmcnu. 

asphyxia  plays  a  ver>'  impoitant  part  in  the  production  of 
these  phenomena.  The  latter  cannot  be  attributed  en- 
tirely to  this  asphyxia,  however,  since  they  may  come  on 
too  quickly.  The  effects  on  lower  organisms  are  precisely 
the  same  as  may  be  produced  by  depriving  them  of  oxy- 
gen. The  anti-fermt'nt  action  of  the  hydrocyanic  acid  in- 
terferes with  the  absorption  of  oxygen  by  the  tissues,  so 
that  these  undergo  what  might  be  termed  an  "  internal 
asphyxia,"  in  sight  of  abundant  oxygen.     The  diminished 
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foxidation,  therefore,  resides  in  the  tissues  themselves,  and 
not  in  the  blood.  The  latter  is  also  changed,  hydrocyanic 
acid  uniting  with  ht-mogMnu,  but  this  combination  is  of  a 
different  nature  frotn  that  with  carbonic  oxid,  and  has  no 
influence  upon  the  readiness  with  which  oxygen  is  given  off*. 
When  added  to  methemoglobin,  it  causes  the  formation  of 
hydrocyanic  acid  methemoglobin.  whicli  differs  from  ordi- 
nar>'  hemof^Iobm  in  its  bright  red  color  ;ind  in  a  peculiar 
band  (Fig.  71).  This  hydrocyanic  add  methemoglobin  is 
responsible  for  the  bright  red  ecchymotic  spots  seen  after 
hydrocyanic  poisoning.      Methemoglobin  can  be  used  as  a 

jtest  for  hydrocyanic  acid. 

\  Fate. — Hydrocyanic  acid  is  very  unstable ;  it  changes 
vcr>'  readily,  even   by  mere  exposure  to  light  and  air;  and 

r  it  undergoes  still  quicker  decomposition  in  the  body.     Part 

I  of  it  combines  with  sulphur-containing  molecules  to  form 
sulphocyanids.     The  fate  of  the  remainder  is  unknown. 
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P  V.  TOXICOLOGY. 

Hydrocyanic  acid  is  not  very  much  used  in  criminal 
poisoning  (o.  5  ft  of  the  recorded  ca.ses),  because  its  quick 
action  would  soon  lead  to  the  detection  of  tiie  crime.  On 
[  the  other  hand,  it  or  the  cyaiiids  form  very  favorite  methods 
with  suicides.  Some  cases  are  also  reported  of  accidental 
poisoning  by  the  gaseous  acid. 

This  pure  hydrocyanic  aci<1.  which  i*  never  wt-ii  outside  nf  chetnii:  lohora- 
torics,  is  exlTcmcly  voUtilc  ond  ver>'  luxic.  The  famous  chemlM  Schecle,  who 
diKovered  hydrocyanic  acid,  was  killed  by  the  vapors  set  free  io  the  breaking 
of  a  Aaak  of  lliis  Buid. 


The  strength  of  the  commercial  acid  should,  according 
to  the  pharmacopoeia,  be  2^.  It  is.  however,  quite  uncer- 
tain, since  decomposition  is  .so  rapid.  On  tliis  depends  the 
ver\'  varying  time  retjuired  for  the  onset  of  the  symptoms. 

This  variability  in  the  appcaniitcc  of  the  svftiptoms  is  also 
due  to  differences  in  the  absorption,  acc<jrding  to  whether 
the  drug  is  taken  on  a  full  or  on  an  empty  stomach,  a  differ- 
ence which  is  of  especial  importance  in  the  case  of  hydro- 
cyanic add.  since  the  drug  is  decomposed  so  rapidly  that 
tliere  is  considerable  chance  of  saving  the  patient  when  ab- 

•  sorption  goes  on  slowI\'. 
[    The/afa/  dose  is  one  to  one  and  a  half  grains  of  HCN — 
not  such  a  very  small  dose  as  the  reputation  of  the  drug 
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would  lead  one  to  suppose.  It  obtained  tliis  reputation  of 
high  toxicity  by  its  extremely  rapid  action.  The  shortest 
interval  which  has  been  noticed  before  the  onset  of  the  first 
symptoms  may  be  stated  as  ten  seconds.  Tliis  is  uf  con- 
siderable importance  in  medicolegal  cases  where  the  ques- 
tion may  be  what  the  [patient  could  liave  done  durinj^  these 
ten  seconds.  The  absorpiioti  in  any  case  is  quite  rapid  It 
can  be  absorbed  even  from  tlie  intact  skin  ;  and  its  applica- 
tion to  raw  surfaces  ha^  given  rise  to  poisoning. 

The  symptoiHS  consist  in  vertigo,  mental  dimness,  head- 
ache, palpitation  ;  then  comes  dyspnea,  which  may  become 
very  violent  from  stimulation  of  the  respiratory  center  ;  the 
patient  then  becomes  totally  unconscious  and  shows  vcty 
violent  convulsions.  During  this  stage  tlie  heart  may  be 
greatly  iiuickened.  The  respiration  becomes  first  difficult 
and  then  ceases.  The  heart  at  this  time  is  ver\-  much 
weakened,  but  .still  continues  to  beat  for  a  short  time  and 
tlien  stops.  In  large  doses  all  these  symptoms  may  be 
wandng  and  general  paralysis  may  come  on  at  once,  so  thai 
the  patient  ma)*  drop  dead  in  a  ic^'  seconds  after  taking  the 
drug,  There  may  or  may  not  be  convulsions  in  this  case. 
If  the  patient  li\'es  for  ten  to  fifteen  minutes,  the  progno- 
sis is  good  ;  not  because  the  hydrocyanic  acid  has  been 
eliminated  in  this  short  time,  or  because  it  has  been  de- 
stroyed, but  simply  because,  if  it  has  nut  killed,  then  the 
quaiititj'  has  Ijccn  so  small  as  to  be  amenable  to  treatment 

The  treatmeot  consists  otdinarily  in  evacuation  of  thf 
stomach,  which  may  also  be  rinsed  with  hydrogen  pcTV»xicL 
This  substance  can  also  be  administered  in  the  absence  of 
lavage.  It  will  destroy  whate\'er  of  the  poiscm  is  still  in  the 
alimentary  canal.  Genci-al  stimulants,  such  as  caflein.  should 
be  given.  Artificial  respinition  should  be  maintained  as  long 
as  the  heart  coiUitiues  to  lx:at. 

Cahalt  satts  have  pruved  cfft--ciire  in  animals,  forming  cntMilla-cy&aiib  ^ 
nnop  ihis  metal  i&  itsvlf  loxir,  ils  vniploymmt  in  man  would  b?  duignv-u* 
OUicr  luelals  g)vc  siioilor  compoumts  but  arc  not  ucnrly  ho  cH'nriive. 

Sodium  //>'/£»W/>////'/'is  theoretically  a  good  antidote,  since 
it  forms  the  non-poisonous  sulphocyanid.  and  is  active  even 
after  the  poison  has  been  absorbed.  It  could  be  given 
hypodermically  (icx)  to  500  c.c.  of  3^  solution).  But  so 
far  it  has  not  been  tried  on  man. 

The  diagnosis  of  cyamii-poisotting  may  be  made  frnro 
tlic  rapid  course,  since  with  most  poisons  the  first  sjinptorns 
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occur  only  after  some  time.  There  are  no  postmortem 
changes  except  in  the  case  of  cyanid  of  potassium,  which 
has  a  very  markcil  alkaline  reaction,  and  may  thrrffnrc  be 
caustic.  Formerly  great  stress  was  laid  upon  the  blackttcss 
of  the  btood  in  the  internal  organs.  This  is  simply  the  result 
of  the  rapid  death,  the  tissues  being  still  alive  after  the  stop- 
page of  the  drculatiun,  and  using  up  all  the  oxygen  contained 
in  the  bhjod.  It  is.  therefore,  not  at  all  charaeteristic  of 
hydrocyanic  acid,  but  occurs  after  any  sudden  death  in  well- 
nourished  individuals.  The  bright  red  ccchymotic  spots  and 
the  odor  of  hydroc)-anic  acid  may  1)C  an  aid.  The  proof  of 
llie  substance  must  be  done  by  chemic  means,  but  in  this 
case  it  is  also  necessary  to  deterniine  tlie  quantity  present 
to  avoid  confusion  witli  the  accidental  presence  of  the  kernels 
of  fruit,  etc, 

VI.   THERAPEUTICS. 

The  /oca/  anotiyttc  action  is  used  against  itching  of  the 
skin  and  pruritus,  ag^unst  cough,  and  against  vomiting.  If 
given  internally,  it  must  be  in  small  doses  frtqucntiy  repeated, 
on  account  of  the  rapid  decamposiiion.  Hydrocyanic  acid 
has  also  been  given  for  other  puipo.scs,  especially  inphthisis, 
but  this  employment  rests  upon  no  rational  basis ;  and,  in 
fact,  it  is  a  question  wlictlier  liydrocyanic  acid  is  of  any  very 
great  importance  in  therapeutics. 

VII.   MATERIA    MEDICA. 

»•#  Acidum  Hydrocyanicum  Dilutum  (U.S.P..  ^.V.).—{Prussie  AtiJ.) 
HCN.  fibouUl  conUit)  2',<t  of  HC.'N.  Made  by  decomposing  Pot.  Kerro- 
ryanid  walh  Hj.SO,,  ant)  diMilling.  C'oIurlfM  liquid  of  characteristic  odor. 
Very  uinmbl*  ;  a  hliicli  prccipilate  develops  in  time,  and  ihc  sttcnglh  decreases 
rapidly.      IiKompmiijIe  wiih  melals.     Ditse  :  0.06  lo  0.2  t.c.  1 1  to  3  minims). 

Poiastii  Cyanidum  (i;.S.P.).  — KCN.      Pre(jared   by  fusing  ]'»t.  Kerm- 
cyanid    with    ^^>l,  Carbonate    and    crystal liring.     Soluble  in  water.     />«/.• 
0.003  lo  0.DI5  Gm    (  j>f  to  }  grain). 
jymgt  unit  GalfMie  Prffinriiliom  eontninin^  HCN  ! 

Prunu*  Serotina  (Virginiana)  (U.S.F.t  [Prunns  Virginianie  Cortex, 
B.P.3.  i%'iltf  Chtrry. — The  baric;  Ro»ac«c ;  North  America.  Tannin; 
Aniygtlaliii ;    Hitler  ghicrisid, 

Timtirii  /'ruiti  i'irginian^  (B.P.).  — lo  c.c.  Dfiie :  2  to  4  c.c.  (\i  to  t 
drachm  I. 

Extra>tHm  Pruni  Virgimati*  FtuiJum  (U.S.P.  j. — Dssf:  2  to  4  c.c.  {yi 
(o  I  dmchni^. 

tmfumm  Pruni  Virg.  fU.S.P.). — 4:10a     Dest :  60  cc.  (2  oca.). 

,•',  .Sffu/^yt  P'uni  Hre.  (U.S.P..  Tt.?.).—D>vf     ad  libitum. 

Amygdala  Amara  (U.S.  P.,  BP.  ).~fiifffr  /t/ini>n,/.—'\hi:  xedofPntniu 
Amrritii/t*f,  vai.  Ainara,  Rosacenr;  Medilemincan.  Contains  Amygdalin, 
fixed  and  volatile  oil,  etc. 


The  tnuit  important  preparalinn.«  are  marked  ^*^ 
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Malta  Amygtiala  Amara  [VS.V.).—Date:  15  c  c.  {3^  ox.). 

Oleum  Amygdala  Amans  (U-S.P.). — ^Tbe  volatile  uil.  Dost:  O.0I  to 
ao3  cc.  (>i  10  ^  miniro). 

Spiritui  Amygdala  Amara  (U.S.F.).— A  1^  alcoholic  soludoo  of  the  oil. 
I^Ke :  a.6  tu  3.0  c-.c.  (10  tu  ^oiciniuA), 

Laurocerasi  Folia  iB.  P. ).  —  Leaves  of  PruHus  Lauroftrasut,  RoaaccK. 

A\juti  Liiuroteraii  (U.I'.). — CoDloioso.!^  HCN.  Dotr  :  3  to  4  c.c.  {% 
to  1  drachm). 


(C)  GROUP  OF  NITRITES. 

This   comprises   all   substances    which    either    contain 
nitrous  acid,  or  liberate  it  in  the  body — namely : 
(rt)  nitrous  esters  ;  Amyli  nitris. 

Spir.  yEthcr.  nitros. 
{b)  nitroglycerin. 
(f)  inorganic  nitrites. 
{d)  Hydroxy laiiiin,  NH,OH. 


I.  SUMMARY  OF  ACTION. 

1 .  Paralysis  of  the  vasoconstrictor  mechanism,  both  cen- 
tral and  peripheral. 

2.  Paralysis  of  the  \'agus  center. 

3.  Slow  paralysis  of  muscle  of  all  kinds  with  which  they 
come  into  direct  contact. 

4.  Mcthemoglobin  formation. 

1.  Vasoconstrictor  paralysis:  This  is  first  noticed  in 
the  skin  of  the  face,  in  an  area  similar  to  that  involved  in 
blushing,  but  which  may  extend  over  the  entire  trunk  to 
the  ilinm.  The  meningeal  ves.sels  undergo  dilatation  at 
the  .same  time.  There  is  con.sequcntty  redness  of  the  face, 
heat  and  throbbing  in  the  head,  and  headache. 

These  fir^t  effects  resemble  very  closely  an  incipient  asphyxia.  Theft  i* 
al>o  tome  hyperpnen  nnd  cyano^i:).  The  temptaiion  might  ariM  to  rda 
them  (a  the  methcmcglobin  funnaiinii ;  but  the  spcctnncope  fails  to  revfil 
luich  nt  this  time  It  can  aUn  be  shown  nn  lower  animNls  that  the  nitrilr  iua 
has  a  tonicity  of  its  own.  aside  from  the  asphyxia.  The  latter,  however,  coa- 
Iribules  considerably  to  the  picture  of  the  inloxtcaltOD. 

This  flushing  lasts  but  a  \-^ry  short  time  if  the  action  of 
the  di-ug  be  discontinued.  At  the  .same  time  the  fuart  is 
^eatly  quickened,  so  much  sr.  that  a  rise  of  blood  pressure 
is  frequently  observed  at  this  stage,  the  (lilatition  being 
more  than  overcome  by  the  quickened  beat.  The  dilatabon 
does  not.  however,  remain  confined  to  the  skin,  but  spreads 
over  the  enrire  body,  and    relaxation  of  the   splanchnic 
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area  in  particular  causes  a  speedy  fall  of  bldod  pressure 
(Fig.  72)  and  a  dicrotic  pulse  (Fig.  73). 

A  vasodilatation  of  this  sort  may  result  from  a  paralysis 
of  the  constrictor-  or  stimulation  of  the  dilator-mechanism. 
The  latter  is  excluded  by  the  distribution  of  the  areas  in- 
volved. A  constrictor-paralysis,  again,  may  have  its  seat 
in  the  vasomotor  center,  in  the  peripheral  nerve  endings,  or 
in  the  smooth  muscle  itself 


Fig.  72. — Nitroglycerin.     Carotid  pressure,  dog.     Action  begins  at  X> 

vJv^Jv^JVJvJvJVJ^'vKK 


juuxj\xjuj\xjuju 

b 

Fig.  73. — Amyl  aitrite  on  sphygmogram :  a.  Normal  ;  b,  after  inhalation  of 

four  drops. 


Wbich  of  these  is  ioTolTcd  in  the  case  of  the  nitrites  has  long  been  a  sub- 
ject of  dispute  amongst  pharmacologists,  and  although  it  is  not  very  important 
from  a  practical  standpoint,  it  may  be  well  to  enter  into  the  discussion  some- 
what more  fully  on  account  of  its  general  bearing. 

It  must  be  considered  as  definitely  settled  that  the 
nitrites  produce  a  dilatation  by  acting  upon  peripheral 
structures,  for  they  produce  such  dilatation  in  excised 
organs.  This  also  shows  that  they  act  upon  the  muscle- 
fibers  of  the  arterioles ;  for  in  excised  organs  the  endings 
have  been  separated  from  their  central  connections,  and 
therefore  have  already  ceased  to  be  active.  In  an  animal  in 
whom  the  maximal  fall  of  blood  pressure  has  been  reached 
by  a  nitrite,  stimulation  of  tlie  splanchnic  has  still  some 
effect,  and  this  shows  that  the  paralysis  of  the  muscle  is  not 
complete. 
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It  remains  lo  be  dccttied  whether  there  is.  in  addition,  •  pArtlysts  of  iKe 
vn^omotur  center.  This  hu  in  nu  case  been  demonnlnlcd — but,  uu  ibe  udwr 
hand,  there  is  no  definite  proof  af-aJnat  jt,  for  when  there  i>  a  perJpbmJ 
p«rnly:>ifi,  ik>  itiethutt  at  ))rc-*cMil  kiiuwn  can  denionstrnte  whether  there  is  al&o 
■  central  paralysis.  Miice  cetilral  ^liuiulation  cuuhl  nut  be  trmusiniUcd.  How- 
ever, the  (jnick  manner  in  whirh  the  lltJithnif;  of  the  face  occur«  and  disa|)pe«rt 
sugge!>t<>  the  pri^tialMlJiy  of  an  eaily  centrnl  actioD,  Itter  ovenhadowed  by  ibr 
penpheml  efTccL 

a.  The  tachycardia  is  by  far  more  pronounced  in  ani- 
mals in  winch  tlit  vajijus  is  intact  and  normally  acting  It 
must,  therefore,  be  attributed  to  a  jjaralysis  of  the  vagus 
center.  However,  nitrites  may  produce  quickening  in  ani- 
mals in  which  the  vagi  Jiave  been  divided.  In  this  case  it 
may  probabl)-  be  explained  b)'  the  lowered  resistance,  the 
heart,  like  any  other  nuiscle.  contracting  more  quickly 
against  a  moderate  tlian  against  a  great  resistance.  No 
quickening  is  seen  in  the  isolated  mammalian  hcart. 

I^irgc  doses  of  nitrites  kill  the  /tnir/.  but  this  direct  mus- 
cular depression  is  produced  much  less  readily  than  in  the 
case  of  the  arterial  muscle. 

Another  effect  which  may  possibly  be  attributed  to  the 
central  nervous  system  consists  in  a  guiikeHtng  of  tkt  res- 
piration.  But  this  is  |x:rhaps  only  secondary  to  the  changes 
in  the  circulation  and  blood. 

Similarly,  the  variations  produced  in  the  secretion  of 
urine  ap|x-ar  to  be  pureK  secondarj',  and  will  depend  upon 
whether  the  renal  arterioles  or  those  of  tlic  general  larcuU- 
tion  are  relatively  more  dilated ;  the  former  causing  an 
increase,  the  latter  a  diminution,  of  urine. 

Convulsions  arc  also  sometimes  noted,  but  they  also  may 
be  secondary  tn  the  asphyxia. 

3.  This  asphyxia  depends  upon  the  production  of  met- 
hemoglobin.  Nitrites  differ  from  most  otlicr  methcmoglo- 
bin-formers  in  that  the  structure  of  the  corpuscle  is  not 
destroyed.  Consequently  the  only  action  is  in  lessening 
the  readiness  of  oxidation,  since  methemoglobin  parts  with 
its  oxygen  much  less  readily  than  ox)*hcmoglobin.  This 
may  iierhaps  be  responsible  for  the  jwrsistent  glycosuria 
sometimes  seen  in  animals.  Metliemoglobin,  however,  i* 
not  as  stable  a  compound  as  15.  for  instance.  CO ;  and  wlioi 
the  tissues  become  actually  O-staiTcd.  they  can  break  up 
methemoglobin.  It  is  consequently  verj'  difficult  to  kill 
animals  in  this  manner,   unless  the  nitrite  be  introduced 
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I  more  rapidly  than  the  mcthctridglobiti  can  be  dccompcscd 
I — something  whicli  is  never  possible  in  man. 
Regarding  tlie  practical 

Ul.  DIFFERENCES  IN  THE  ACTIONS  OF  THE   MEMBERS  OF 

THE   SERIES, 

Amyl  Nitrite,  when  taken  by  inhalation,  produces  a  very 
rapid  but  also  a  very  short  action :  it  may  be  pntctically 
considered  ended  in  twenty  minutes.  Nitroglycerin  pro- 
duces a  much  slower  action,  but  this  persists  for  several 
hours.  The  alkaline  nitrites  are  decomposed  by  the  HCl 
of  the  stomacli  with  the  liberation  of  free  TINO^,  and  con- 
sequently are  quite  irritant  to  this  organ,  and  are  little  used. 


IV.  SLMMARV  OF   DRUGS  CAUSING  VASODILATATION. 

The  whole  subject  of  Vasodilators  may  be  grouped 
together  in  this  chapter : 

(These  substances  are  called  Wiscular  stimufanis  by  the 
older  authors,  the  "stimulant"  referring  to  the  system  at 
large,  not  to  the  vessels.  On  accoimt  of  the  confusion  to 
which  the  term  leads,  it  should  be  entirely  abandoned. 
The  same  authors  usually  speak  of  drugs  producing  vaso- 

•  constriction  as  "  va-^^cular  tonics,") 
I.  Methods  of  Distinguishing  a  Vasodilatation. — A 
vasodilatation  is  the  usual  cause  of  a  fall  in  blood  fmssure. 
But  the  latter  ma)*  also  be  brought  about  by  a  weakened 
action  of  the  heart.  To  distinguish,  it  is  nccL-ssar>'  to  meas- 
ure the  venous  pressure  simultaneously  with  the  arterial.  A 
rise  in  the  former  will  correspond  to  a  fail  in  the  latter  if 
dilatation  exists,  whilst  a  weakened  heart  will  cause  a  fall 
in  both.      ("Hher  methpds  are  : 

Dtrect  inspection :  tlie  flushing  of  membranes  or  micro- 
ft  scopic  measurements  in  accessible  situations. 

H      Jiisr  of  temperature  or  increase  hi  volume,  the   latter  as 
H  measured  by  plethysmograph  or  oncograph. 

H      Ittcrctised  velocity  (when  the  action  of  the  heart  is  not 
^^  simultaneously  increased)  as  measured  by  thcstrom* 

^B  uhr   or  the   circulation    time  (pigment   or  electric 

^  method). 

Increased  outflow  under  similar  conditions. 
3.  Location  of   Action. — Theoretically,  vasodilatation 
could    be    produced    by    paraK'sis    of  the    vasoconstrictor 
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mechanism  or  stimulation  of  the  vasodilators ;  and  vaso- 
constriction by  the  converse.  But,  with  the  exception  of 
the  cutaneous  circulation,  no  drug  has  so  far  been  found 
which  acts  upon  the  dilator  mechanism  without  acting  at 
the  same  time  and  more  .strongly  upon  the  constrictors; 
and  since  the  latter  predominate  so  largely,  tlie  total  result 
depends  upon  them. 

The  constriction  meclianism  might  again  be  afTcctcd  in 
three  places :  The  center,  the  nerve  endings,  or  the  musclc- 
iibcrs.  The  methods  of  distinguishing  a  muscular  paral- 
ysis have  been  sufBciently  discussed  on  page  475. 

If  either  the  center  or  the  endings  are  paralyzed,  the  drug 
will  have  no  effect  after  section  of  the  ct>nstriclor  nerves. 
But  if  the  center  is  the  seat  of  the  paralysis,  stimulation  of 
tlie  peripheral  stump  will  cause  va.soconstriction  ;  if  the 
endings  are  the  scat,  it  will  have  no  effect.  If  the  scat  is 
in  the  center,  this  could  be  due  to  a  direct  action  or  to  a 
reflex  ;  the  latter  could  be  made  out  b)'  excluding  the  corre- 
sponding afferent  path. 

Certain  other  drugs  (c.  g.,  arsenic)  produce  a  dilatation 
of  the  capillaries  which  might  be  confused  with  tliat  of  the 
arterioles. 

3.  The  following  are  the  measures  by  which  vasodila- 
tation may  be  secured : 

1 .  Means  which  increase  the  functional  actrtnty  of  any 
organ  increase  reflexly  the  blood  supply  of  that  organ. 
The  action  of  warmth,  of  counterirritants.  of  ^locarpin,  etc., 
on  the  skin  may  be  mentioned  as  examples. 

2.  Druids  which  act  upon  tlic  center : 

{a)  Those  wliich  depress  the  vasomotor  center  in  com- 
mon with  the  rest  of  the  central  nervous  system — i.  e..  Nar- 
cotics (Chloral  Group.  Morpliin,  etc.).- 

(#)  Tiiose  which  act  particularly  upon  the  tltcrmoreguht- 
ing  center — i.  c.  Antipyretics. 

(c)  Those  which  act  particularly  upon  the  vasomotor 
center,  Albumose  and  .wme  toxins  being  the  most  t>'pical. 

{d")  Drugs  ivhich  act  upon  the  Ganglia:  Here  belong 
Nicotin,  Curare.  Cocain,  etc. 

(«•)  Drugs  which  act  upon  the  Endings^  represented 
mainly  by  Alropin. 

(/)  Drugs  which  act  upon  the  Muscle,  the  main  action  of 
the  nitrites. 
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{^)  Dntgs  which  act  upon  the  Oipil/ary  lVa//s,  cs])ccially 
Dme  of  tlic  mctak  (see  Chap.  XXVII). 

V.  THERAPEUTIC  USES. 

It  will  be  noticed  that  most  of  these  have  other  and  more  pronounce*] 
Clttities  bpskles  the  ^nerol  TO-soHi Illation.  They  may  come,  into  cntisid«r«- 
ttioti  «5  diaphoretics,  as  diuretics,  for  llie  purpose  of  changing  the  distributioii 
rdf  blot>d,  etc.,  and  will  be  dlscus&cd  cUc where.  Bui  fur  [mxluciii^  t;cni-ra] 
ftasodilatotian — and  ihruugh  it  a  fall  of  hlorxl  preuaire  and  a  luwering  uf  ihe 
^resirtanre  to  the  work  of  the  hean — the  choice  is  rrstncled  almost  entirely  to 
[the  nitrilca.  It  has  already  been  pointed  out  (p.  4771  what  diflereiices  exiiil 
woungM  these. 

The  indications  for  such  a  general  vasodilator  action  are 
the  following : 

1.  JLtcessh'c  resistance  to  the  work  of  the  heart  (arterio- 
sclerosis). 

2.  Arterial  spasms  (angina  pectoris,  some  forms  of 
migraine,  asthma,  cold  extremities). 

3.  Hemorrhage :  through  lowering  of  general  blood 
pressure. 

4.  In  toxic  rise  of  blood  pressure  (lead  colic,  baiiiim, 
str>xhnin,  digitalis), 

VI.  EXCESSIVE  RESISTANCE  TO  THE  WORK  OF  THE  HEART. 

This  condition  is  sJiown  by  a  liigh-tension  pulse,  with 
marked  elastic  oscillations  but  weak  dicrutic  wave. 

A  condition  of  this  kind  is  dangerous  mainly  by  rea.son 
of  the  extra  work  which  it  puts  upon  the  heart  Such 
extra  resistance  is  found  especially  in  arteriosclerosis,  also 
in  angitta  pectoris  ;  in  poisoning  by  various  drugs,  such  as 
Str>'chnin  or  Digitalis ;  and  a  relative  excess  exists  w  hen 
tile  heart  itself  is  weakened,  a.s  in  fever,  whilst  the  pulse 
may  indicate  a  normal  or  even  low  blood  pressure. 

When  the  rise  of  blood  pressure  is  due  to  a  nervous 
contracture  of  the  vessels,  as  in  angina  or  with  strychnin, 
the  nitrites  arc  certain  to  give  relief,  and  preference  is  given 
to  amyl  nitrite  on  account  of  its  quicker  action.  But  when 
the  lumen  of  the  vessels  is  greatly  narrowed  by  fibrous 
thickening  of  their  walls,  and  the  muscle  has  largely 
tlis,ippcared,  the  nitrites  naturally  cease  to  be  effective. 
Nitrites  arc  therefore  useless  in  angina  pectoris  if  this  is 
<lue  to  coronary  sclerosis  ;  and  in  arteriosclerosis  they  are 
for  the  same  reason  of  use  mainly  in  the  early  stages,  and 
then  they  only  give  relief  without  curing  the  dist>rder.     Hut 
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this  relief  is  so  marked  as  to  malce  them  of  great  value. 
0.6  mg.  ^J-J^^^  gr.)  of  Nitroglycerin  is  given  for  this  purpose 
three  times  a  day,  and  the  dose  gradually  increased  until 
results  are  obtained. 

When  the  resistance  is  not  increased,  but  tJie  heart  is  so 
weakened  as  to  be  unable  to  cope  with  it,  as  in  fever,  it 
must  be  remembered  that  these  drugs  cause  a  further  low- 
ering of  blood  pressure  ;  and  when  tliis  is  alrcadj' danger- 
ously low.  they  would  generally  be  contraindicated.  But 
when  this  is  not  the  case, — that  is.  when  tlie  weakening 
has  not  progressed  very  far, — a  temporary  relief  nia\'  be 
secured,  and  tliis  often  suffices  to  restore  the  heart  to  its 
normal  vigor.  It  would,  of  course,  be  advisjible  in  all  such 
cases  to  combine  tliem  with  drugs  whicli  increase  the  power 
of  the  heart,  such  ;is  digitalis  ;  and.  /(T  coutra^  the  addition 
of  nitrites  to  digitalis  is  useful  in  preventing  the  vasocon- 
striction cau.sed  by  the  latter.  Another  condition  which 
calls  for  the  use  of  vasodilators  is  valvular  disease,  in  cases 
in  which  the  cardiac  muscle  is  incapable  of  being  stimulated 
to  increased  force  by  Digitalis — such  as  in  fatty  degenera- 
tion. In  these  Digitalis  docs  harm  instead  of  good,  and 
nitrites  are  used  as  a  last  resort,  elTccting  relief  if  they  do 
not  contribute  to  a  cure. 

Amyl  nitrite  has  been  found  useful  in  certain  obscure 
diseases  :  in  ejiilep-sy  (especially  when  given  at  the  time  of 
the  aura)  ;  in  eclampsia  ;  in  hemicrania.  etc.  While  it  is 
often  entirely  without  effect  in  epilepsy,  it  is  of  undoubted 
benefit  in  other  cases,  which  are  perhaps  dependent  on  a 
vasomotor  spasm  of  the  vessels  supplying  the  motor  areas. 
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VII.  MATERIA  MEDICA. 

^\  Amyl  Mtrii  ( U.  S.  P  .  B.  P  ).  —Amyi  Mfriff.  — C^I  I  ,,N0,.  A  colwk* 
liquid  of  It  peculiar  oilor,  nmdc  l>y  (he  uriiuti  o(  nitric  aciu  un  Amylic  nlitilwL 
IiiMilulilc  in  wrUt,  miscililc  in  (ill  pKiporllon^  wilh  alaihol  Zhnf :  i  tu  J 
drope  by  inhalativii  fruiii  i  handkerL'hier.  It  i»  brsl  cairied  in  the  (om  li 
pearls — I.  e.,  ixmW  gliu^  cap^tilcM,  iinc  of  whkh  'm  crushed  in  the  btiidW 
chief  Vksi  nerdcd. 

„»,  SpinfHs  yEtkeris  NUrosi  (U.S.P.,  V^.VX—Swtt  Spirit  of  Nitrt.~Kx> 
asMyed  alcoholic  Miliilion  of  Ethyl  Nitrite  ( TjH jNO,),  made  by  *c1ic^  oe  *I» 
bol  and  sodium  nitrilc  with  .iidphiiHc  acid  nnd  diMininf;  chr  prtxlucl,  Mix*- 
ble  wilh  water  or  alcnhol.     Ootf  :  l.o  to  4.0  c.c.  (  J|  to  I  drachmW 

SoJit  Xitrii  (U.S.I'.,  B.P.I.— .SW/ttw  A/Vrry^.— NaNO,.  .Si)IuWe  ia  ij 
part.s  of  wftter.     Ditse  :  o.  i  to  o.  3  Gm.  |  2  In  5  f^rainii). 

^*^Spintm  £;/.'wr'w»(U.S  P.)[Liqu.irTriniiriiii.  II  P.].— 5>»/Vt/.*/AW 
elytfriM. — .\n  alcoholic  solution  of  I  %  of  Nitroglycerin  (Trinilrin),  C,llf 
(UH)g.   (Nitroglycerin  \*>  made  hy  acting  on  glycerin  wilh  nitric  aod  tidphanc 

The  most  important  prrpamtion^  are  market)  , *^. 
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cids.)  Zhu  :  0.05  to  0.2  c.c.  {I  to  3  dn^),    1 1  is  most  eonveoienlly  given  in 
fa^/eti,  esch  of  which  contains  j^g  gmiti  (0.0006  Gm.)  of  Trinithn  :    Tabtilx 

\Tr\nitnni  (B.P.). 

Nitroglycerin,  although  a  nitrsle,  is  readily  converted  into  oitiites  in  the 

'  prf~<«[>cr  of  nllcalirs,  and  this  change  talces  place  in  the  blocxl.  Even  the  ap- 
plicatiim  iif  it  lo  the  skin  caaies  some  effect,  and  pernons  engaged  in  its  tnanu- 
hurtore  liufier  »eveie1]'  from  headache  during  the  tirht  few  days.  After  this, 
howrver,  they  appear  U>  be  quite  unaffected,  anlt^i^  they  leave  work  fur  sev- 
eral week«  and  then  resume  the  occupation.  The  work  is  said  to  be  no( 
anhcBltbful. 


CHAPTRR  XXII. 
(A)   DIGITALIS   GROUP. 


II.    MEMBERS. 
The  digitalis  group  includes  a  very   large  number  of 
drugs  characterized  by  a  peculiar  action  on  the  heart. 

This  action  on  the  heart  is  m>  widely  distriliutcd  Ihxl  it  must  be  regarded 
a  general   plKnotneocn, — as  the  reaction   of  the  heart  muscle  to  certain 
laoges  ill  its  eaviroanicQt,-HUkd  not  as  the  specific  action  of  any  one  poison 
-  group  of  poisons. 

It  is  a  property  which  is  common  to  a  great  many  drugs, 
but  is  most  conspicuous  in  the  following  substances : 

/.  DigUaUin 
Digitalin 

Di^toxin 

Digitophyllin 

Sciliain  (Urginea  Scilla). 

Adonidin  (Adonis  vcmah's). 

OUandrin  (Oleander). 

Apocynin,  Apocyncin  (ApocA'num  cannabinum). 

Charanthin  (Cheiranthus  Cheiri). 

Strophanthin  (Strophanthus  hispidus). 

HfUcborein  (Hclleborus  niger). 

Com'ollatrtarin  (Convallaria  majalis). 

EHonym'm  (Euonymus  atropurpureus). 

principles  belonging  (o  the  Digitalis  Group  form  the  toiic  agents  of  nom- 
ervitts  ■rrow-potsons.  Strophnnhut.  species  are  u.scd  in  this  manner.  Otben 
are:  The  iiomaii  poutm  (fmm  .-Escanlhera  Ouabaiu,  Apocyue-T:;  Ouabain); 
tfit«l»  (prepared  io  Malacca  from  the  juice  of  Antiaris  toxicaria  ;  Anliarin). 

In  all  th<?sc  the  active  principle  is  a  glucosid  or  resin. 
2.   Hie  same  action  is  found  in  a  number  of  alkaloids; 
31 
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most  t\'ptcally  in  €rythrof>hldn,  the  alkaloid  of  sassy  bark. 
(This  alkaloid,  however,  also  shows  some  of  the  reactions 
of  glucosids.)  ■ 


3.  <}uile  a  number  of  diugti  belonging  lo  other  ^iou|>»  fbow  a  tiigiulu 
action  on  ihr  lieaix :  VfnUrxu  in  •iinftll  doses;  Curin :  Cantfhor.  Al*o  a 
number  of  aniuud  poisons,  especially  SuprurfHtfi  anA  Pifui/ary  txiimci*i  llw 
a  loxtc  piincipLe  derivctl  from  tbe  toad's  skin,  PkryHm. 

A  digitalis  action  is  often  claimed  for  Oic/us  grandifiartu ;  cxpcmneatal 
and  clinical  reports  on  this  ilnig  arc  as  yet  very  contradictory. 

4.  UigiUtlLt  action  is  by  no  means  cauliticd  to  organic  principles,  but  occuri 
with  <:ertain  mineral  substances  in  >tmall  duM-s  ;  r-spcrially  ilx^  hanu^t  sdti 
and  the  free  Ayi/rata  (conlaiiitng  the  grtJupOII)  ;  but  even  nifrrtuil  mU  loim- 
Hon  under  certain  conditioiiii  will  exert  a  digitalis  action. 

Wliilc  a  digitalis  action  is  a  frequent  phenomenon,  it  \^  much  more  strangW 
nurlccd  in  some  poisons  than  in  others,  and  with  the  alkaloids  it  is  largely 
obscured  by  oilier  nctioas. 

The  digitalis  group  proper  includes  those  of  the  above 
mentioned  substances,  whose  active  principle  is  a  resin  or 
glucosid,  and  crythrophlcin. 

The  difTcrent  members  of  the  series  agree  very  closely 
qualitativ-cK',  especially  a.s  far  as  the  action  on  tlic  heart  is 
concerntjd,  and  may  be  well  illustrated  with  the  best-known 
mcmbtr,  di^^italis.  It  is  obtained  from  the  leaves  of  the 
plant  Digitalis  purpurea,  or  fo)c-^'lo\'e.  in  the  second  year  of 
its  gro\vth.  Other  species  of  difjitalis  have  similar  actions. 
The  only  other  member  which  has  attained  to  any  thera- 
peutic importance  is  Stroplianthus. 
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11.  COMPOSITION  or  DIGITALIS. 

Digilali<t  se«ms  to  have  been  introduced  into  medicine  compandvth 
recently.  The  firsi  notice  of  its  tuc  11  found  about  the  middle  of  the  nxtceen 
century. 

The  coftiposition  of  digitalis  is  even  now  very  im|>erfectly 
understood,  and  is  still  under  discussion:  but  there  seem  to 
be  at  least  five  principles  present  in  digitalis  seed :  Uigi- 
toxin,  Digitalln,  Digitalein,  Digitonin,  and  Digitin  (Schm^ed^ 
berg).     These  differ  considerably  in  action  and  properties. 

The  first  three,  digitoxin.  digitalin,  and  dtgitalein,  hax-e  a  tjrpical  dtgitatii 
action :  a  stiniulntion  of  the  heart  niu^rle  and  constriction  of  the  pcr^pfaenl 
TeueU;  wherea<>  digitonin  hoi  a  dixmctncally  opposite  eflect,  and  acb  as  • 
depressant  un  the  cardiac  ranscte  and  dilates  the  blood-VMaela.  Lastly,  tlieft 
is  a  principle,  digiUu.  which  is  inactive. 

The  ftnt  two  of  the<«.  digitoxin  and  digitalin.  are  insoluble  in  walrr  vhrt 
pure,  but  -.oluble  in  alcohol :  n-hcrens  the  second  |i«ir.  digilalein  and  dlji- 
tonin,  arc  Milulile  in  water.  When  the  principlet>  arc  mixed  as  they  nut  is 
the  plant,  the  (liK>lnxin  mid  tligitalin  air  taken  up  by  watrr  in  susprtnioa, 
through  the  aid  of  the  digitonin,  m>  that  a  i  :  10  infuii^H  contains  fwo*thlnb 
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or  Ibe  digttoxin  of  Oic  leaf.     (Digiionin  belongs  to  the  same  group  as  the 
aclive  principle  of  scuip-hark,  and  it  emulsifies  the  two  Tcslnous  principles  so 
1  thcjr  can  be  exlractcii  from  ihc  drug  by  walcr)      None  the  \csi,  there 
diBcrcDcca  in  the  ibcrapcutic  effects  of  alcoholic  and  watery  solutions  ; 


The  aiafhniic  solution  coatains  mainly  dlgitoxin.  digi- 
talin,  and  diyitophyllin;  whereas  the  aqueous  solution  con- 
tains, in  adtJitjun,  the  digitonin,  and   a  larger  amount  of 

^Bdigitalein.  with  a  smaller  amount  of  digitoxiii  and  digitalin 

^fcnd  digitophyllin. 

^H  Digiioxin  is  pre»em  in  largest  atnount  in  the  tenf ;  it  is  the  stmngesi  of  the 
^Bdigitali>  principles,  itrHl  il  \s  also  the  inu^I  irrtliiiit ;  it  has  a  ciiinuUtivt:  aciiun. 
^*(The  rumulalivp  action  is  es|>«x-i«lly  marked  in  those  principles  wliirh  are 
iaviluble  in  water. )  ihgitnlin  has  the  Mime  general  ndion  ns  digiioxin.  but 
it  i6  present  in  less  amount  and  its  action  \%  weaker.  ]>igitoph>llin  \\9.i  aliiu 
trcT^  similar  actions.  Digilalein  is  pre^ienl  in  i^mall  amount ;  il  is  soluble  in 
water,  and  its  acttoD  is  itot  cotnulative.  This  is  the  least  irritant  of  the  prin* 
ciples,  and  has  the  least  local  action. 


It 


A  similarly  complicated  composition  exists  with  all  the 
her  drugs  of  the  digitalis   group.     The  active  principle 
cms  in  no  case  to  be  single ;  and.  furtlicrmorc,  it  is  very 
"apt  to  undergo  decomposition. 


Clocosids  are  always  very  unstable,  and  are  enstly  spilt  up.  So  ore  the 
mcnibcrs  of  the  M>-caIlefl  sap<)toxiD  and  aapuniu  ^oup — tbc  group  lo  which 
digiionin  belongs.  The  chcmic  cocnpOMtion  of  the  whole  series  is  obMmrc. 
The  gluc'wid*  und  renins  seem  to  pas3  very  rendily  the  one  into  the  other, 
•ad  the  cumpoutiuu  of  tlic  diugs  is  not  perfectly  cuustout. 

\  In  the  case  of  digitalis  this  decomposition  leads  to  the 
formation  of  new  resins ;  the  digitoxin  giving  rise  by  de- 
composition to  a  principle,  toxircsin  ;  and  digitaiin  and  digi- 
talcin  giving  rise  to  the  principle  digitatire&m.  These  two 
resins,  as  also  many  of  the  undeconifjosed  members  of  the 
group,  have  a  picrotoxin  action.  The  sapoto.xins  liave  a 
very  marked  local  irritant  action  :  so  that,  in  addition  to 
the  cardiac  digitahs  action,  which  is  the  characteristic  of 
the  group,  all  these  drugs  show  a  certain  amount  of  picro- 
toxin actitjn — stimulation  of  the  medulla — and  of  sapotoxin 
action — local  irritation. 

The  decomposition  products  of  digitalis,  toxiresin.  and 
digital i resin,  arc  present  (if  at  all)  in  very  small  amount  in 
the  fresh  plant,  or  in  fresh  preparations.  Thej'  are  formed, 
mainly  by  bacterial  action,  if  the  drug  has  been  stored  for  a 
vcr>*  long  time  under  unsuitable  conditions  ;  for  instance,  in 
a  moist  state.  They  arc  formed  in  the  same  way  in  old 
infusions  of  digitalis.     Their  effect,  as  has  been  stated,  is 
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entirely  different  from  digitalis,  being  a  pure  picrotoxin 
action,  which  is  not  at  all  desired  in  digitalis  preparations. 
Their  action  is  also  mucli  more  toxic  than  the  action  of 
digitalis,  so  that  an  old  infusion  of  digitalis,  or  a  prepara- 
tion made  from  spoiled  specimens,  is  not  only  therapeutic- 
ally useless,  but  has  undesirable  actions  and  presents  danger, 
due  to  the  presence  of  the  toxic  resins. 
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III.  SUMMARY   OF  ACTIONS. 

1.  As  the  most  Important  action,  an  increased  irritability 
and  contractility  of  the  muscular  fibers  of  the  htart ;  fol- 
lowed by  lessened  relaxation  ;  and,  to  a  lesser  degree,  a  con- 
striction of  the  peripheral  vessels  by  direct  action  upon  their 
muscles. 

2.  A  picroto.\in  action — stimulation,  and  later  paralysis, 
of  tlie  medullar}'  centers. 

3.  A  stimulation  of  the  vagus  apparatus  in  the. heart 
itself. 

4.  A  local  irritant  action,  progressing  to  inHammaUon. 


IV.  DETAILS  OF  ACTIONS. 


^^^VCtt 


I.  Action  Qpon  the  Heart. — As  (his  action  is  observed  in  the  inuct 
anitnaJ,  il  th  ront|)ns«d  of  a  oiunlier  of  features,  and  will  have  lo  be  analyzed 
to  be  nndcnlood. 

(A)  One  may  begin  with  the  Isolated  atroplntzed  1rog*s 
ft.  That  is,  a  preparation  in  which  the  nervous  ele- 
ments have  been  as  far  as  possible  eliminated. 

In  a  heart  of  this  kind  wc  observe,  as  a  result  of  digitalis, 
first,  a  slowing  through  lengthened  systole  and  lessened 
diastole.  As  the  action  progresses  the  sj'stole  becomes 
longer  and  stronger,  and  tlie  diastole  less  and  less,  so 
that  finally  the  heart  remains  tonically  contracted,  in 
in  what  might  be  called  prolonged  systolic  contracture. 

In  tbb  itacc  the  coDCractinns  rosy  be  started  aeain  by  rnmbly  diMending 
the  heart  with  liquid,  bih)  Scbminlpbcrg  calls  this  stage  one  nf  tncreased 
••elasdcily."     "Omlractilily"  woold.  perhaps,  be  more  accurate. 

r  During  this  stage  rigor  finally  sets  in  and  fixes  the  ven- 
tricles as  a  small  white  lump.  This  last  degree  of  its  action 
il  reached  first  of  all  in  the  apex.  Toward  the  end,  the 
contractions  assume  somewhat  of  a  peristaltic  character. 
They  begin  at  tlie  auricle,  spread  to  a  slight  extent  over  the 
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ventricle,  and  then  stop,  so  that  the  excursions  arc  largest 
at  the  base  of  tlie  heart  and  snialle.st  at  the  a|)ex.  In  this 
way  the  appearance  of  a  ]>cri5taltic  wave  is  produced.  The 
auricles  are  not  nearly  as  much  afTected  as  the  ventricles; 
consequently  tlie  auricles  may  buat  stverai  times  to  e\"ery 
beat  of  the  ventricle. 

What  effect  will  this  action  have  upon  the  work  dene  by 
thf  heart?  Kvideiitly  it  must  cause  a  rise  of  pressure  in  the 
early  stage,  and  a  fall  when  the  poisoning  is  more  advanccd. 
If  the  systole  is  increased,  a  rise  of  pressure  will  occur  as 
long  as  the  diastole  is  not  too  much  lessened  ;  but  if  the 
heart  remains  permanently  in  systole,  the  pressure  will 
gradually  grow  less  and  less. 

This  action  is  matHly  upon  the  musde-fibeis  themselves, 
since  it  can  be  obtained  from  an  apex  preparation  of  the 
frog's  heart,  which  is  free  from  nerve  gangha,  as  also  from 
the  heart  of  tlie  chick  embryo.  The  explanation  of  it 
is  similar  to  that  of  tlic  veratrin  action  on  skeletal  muscle; 
namely,  an  increased  tone  of  the  muscle,  an  increased  ten- 
dency to  remain  in  a  contracted  condition,  which,  in  the 
later  stages  in  the  frog's  heart,  becomes  so  great  that  the 
muscle  finally  does  not  relax  at  all,  but  remains  contracted 
permanently  until  it  goes  into  rigor. 

The  diagram  (Fig.  74,  u)  gives  the  results  following  the 
action  upon  the  muscle  itself  Digitalis  will  produce  a 
larger  and  more  prolonged  systole,  whereas  the  diastolic 
excursion  will  be  somcwliat  lessened  and  will  not  be  at  all 
lengtliened  in  time.  The  total  excursion  therefore  becomes 
less  and  less  until  the  heart  finally  remains  in  systolic 
standstill.  As  lotig  as  the  excursion  is  larger  and  the 
contraction  of  the  heart  stronger  than  is  counterbalanced 
by  the  slowing,  they  will  produce  a  rise  of  blood  pressure, 
but  when  the  systole  becomes  greatly  prolonged,  the  blood 
pressure  will  fall. 

(B)  Action  upon  the  Vaj^us. — This  is  stimulated  both  in 
the  medulla  and  in  the  heart  itself. 

Il  will  be  well  lo  Ma^ly  first  whal  wnuld  be  the  cfllrct  upoo  lite  caidiK 
muscle  atu)  upon  lite  hean'«  contracliun  nf  a  pure  va^i  itimulatttm.  VigV 
MimuklioD  slows  nniJ  finally  stops  the  heort.  nnrl  il  doe«  sa  br  prt>lo«gil(  i^ 
iliasliilc.  The  phase,  il  will  Im-  sreti,  it  txa^tlv  ike  oppatUf  ff  tkt  ^igU^ 
ac.'wn  upon  Ihc  huart  muwrle  ;  for  in  thi-  lalter  the  heart  moicle  i»  tlawrdbl 
prolonging  the  ^yMole  and  Ies5ening  the  diastole,  whereas  the  vagus  actua 
will  slow  the  heart  by  pmlonging  the  diastole  and  IcLvning  the  9yMolr  T^ 
cflect  upon  the  bhKxl  presrturc  would  be  a  fall  frum  the  vtvf  stut  of  ' 
■ctkw.     iScc  Fig.  74,  #.) 
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In  the  intact  animal  neither  of  these  actions  is  seen  in 
pure  form  after  ilii;ita!is,  but  instead  a  combination  of  the 
two,  which  may  produce  different  results.  If  both  dia.stote 
and  systole  arc  increased,  the  result  will  be  an  increased 
work  of  the  heart :  the  heart  expanding  and  contracting 
further  will  throw  out  much  more  blood.  At  the  same 
time,  since  the  diastolic  and  systolic  prolongation  tend  to 
counteract  each  other,  the  slowing  is  not  as  marked  as  with 
either  action  alone ;  consequently  it  is  not  strong  enough 
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Fig.  74. — Dii^CTun  of  d^iialU  aclion  on  frog's  hcfin :  a.  On  cardiac  mus- 
cle ;  ^(  o(i  iiiliibilory  apparatus ;  /-,  one  of  tiitu  |K»jdb1c  comltinatiuiH.  Solid 
linn,  cardiac  tracing  (rise  =^  s>-5tole] ;  dotted  lioes,  blood  pressure. 

to  counteract  the  greater  force,  and  as  a  result  there  is  a 
progressive  rise  of  blood  pressure.  (See  Fig.  74,  c.)  This 
is  the  most  typical  result 

The  va|*a<  and  muscular  actioni  may,  however,  appear  in  vomewh&t  differ- 
ent order  :  one  raay  come  before  llic  other.     The  typical  uuiscular  phase,  Ihe 
increased  tyslule.  tnay  appear  tirsl ;  and  when  this  \m  lasted  for  n  time,  it  luajr 
r  pus  off  and  ^ve  place  in  the  rngu«  pha«e.     Or  the  diastolic  iitand^ttll  may 
'coBie  before  the  muunilar  action,  in  which  case  the  heart  will  fir»t  be  flowed, 
with  an  iocrcaMd  diastole,  and  this  be  followed  up  b<r  an  increaiie  of  systole. 
The  action  nf  di|iilali>t  «m  the  ragu<>  if-  iml  only  centra!,  but  also  periphenU, 
Id  Ihe  orditi&ry  methods  of  application  the  muscular  etfect  predominates  over 
the  peripheral  vagu»  effect,      itul  nhcti  Ihe  drug  is  appiiett from  the  outline, 
I  it  reochN  the  aerve-filaiaeDtf  tint,  and  causr<i  a  primary- dia.«(o]ic  F^landatill  ;  as 
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th«  poison  prnetnites,  thp  mtuciilar  action  comes  lo  predomimle,  and  tlic  dus- 
tole  gTtduuly  passes  into  a  syslulic  condition. 

These  and  otJier  facts  relating  to  the  action  of  poisons 
have  been  mainly  ascertained  on  the  Williams  Heart  Ap- 
paratus, which  may  be  described  in  this  place. 

Williams'  Apparatus. — (Fig.  75.)  This  consists  or  a  reaerrdr  ud  i 
system  of  tulics  pruvirlfd  with  slit  valvrs  (  f 'and  f^i  and  a  two-way  cannula. 
These  allow  the  pcrfusinji  liquid  to  get  into  the  heart  {//)*nA  tn  be  pumped  ia 

a  deiiDite  direction.  The  can- 
nula ik  inUi>lucctl  lI)rou|>h  tbr 
tnilhm  aorta:  inin  the  venlricJc 
and  tied.  (The  apea  of  lh« 
ventricle  may  be  u»ed  olbocl 
Each  contnclinn  of  the  vrotri- 
cle  forces  the  blood  tbinugh 
f  Into  the  upright  tube,  aod 
from  here  into  Che  rrscnrwr. 
The  reUxalion  of  the  heart  al- 
lows the  liquid  (o  enter  froia  I^. 
The  aunculovcniricular  Tal«et 
prevent  the  Mood  from  floinn{ 
back  into  the  auricle.  The 
number  of  drops  flotrii^  itte 
the  reservoir  can  be  cootiled, 
and  give  an  idea  of  the  wort 
dune.  By  raising  or  lowennf 
the  resenruir  the  intracardiac 
pressure  can  be  varied  ;  by  ap 
plying  the  screw-clamp  beyoad 
r''  otw  may  intruduce  re«Si- 
ance ;  by  clamping  thi*  tatx 
altogether  and  opening  (Vimiaii- 
nication  to  a  small  memirr 
manomcteT  the  absolute  pressure  con  be  measured  and  tracings  uken.  Th( 
changes  in  vulume,  corresponding  to  the  extent  of  the  excantioiu^  may  lie  rtad 
from  the  railtiinettrr  "icale,  A/.S. 

(C)  The  mammalian  circulation  shows  similar  actions 
although  they  arc  somewhat  modified. 

(a)  The  isolated  mammalian  heart  (separated  from  the 
central  ner\'ous  .s\-,stem)  shows  : 

1.  An  increase  in  the  strength  of  the  muscular  contrac- 
tions. These  are  also  somewhat  quickened.  The  quickening 
must  be  attributed  to  the  chemic  irritation  of  the  niuscit 
from  tlie  general  toxic  irritant  action.  It  will,  of  course. 
not  be  seen  if  the  digitaHs  is  injected  subcutaneously  of 
given  by  the  mouth.  The  pressure  during  this  stage  *ill 
be  rather  increased.      It  is  comparatively  brief 

2.  The  quickening;  is  followed  by  slowing  (Fig.  26,  A,  s), 
througli  lengthening  of  the  pau.se  in  dia.*^t<>le,  This  slow- 
ing is  not  noticed  in  an  atropinizcd  heart.      It  is  probably 


Fig.  75. — Williams'  heart  apparatas. 
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due  to  the  stimulation  of  the  vagus  end -mechanism.     At 

the  same  time,  the  beats  are  stronfijcr,  so  that  the  output 

and  pressure  are  increased  notwithstanding  the  slowing. 

I      3.  After  a  time   there  is  a  secondar)'  increase  of  rate 

"(Fig.  76,  A,  d),  which  occurs  even  after  atropin.  and  must 

be  conceived  as  due  to  increased  muscular  irritability.    The 

Lcontractions  in  this  stage  are  strong,  and  the  output  and 

jrcssurc  are  con.sequcntly  increa.scd. 

4.   Following  this  there  occurs  fairly  suddenly  a  weaken- 
ing and  irrcgutarity  (Fig.  76,  A,  c],  with  increasing  tonus 
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Fig.  7^' — DigitaliB;  Cardiomyograins,  dog  ^  vagi  intact.  7^c  action  b«- 
KiDs  al  X.  -^  ■'  a,  slowing;  b,  <)uick  and  strong  beats;  r.  cjutck  and  weak 
beats,     ff  :  a  shows  iotennitlent  bcaU. 


and  lengthened  systole  and  pauses.     In  this  stage  the  out- 
lut  and  the  pressure  wn'll  Ix;  diminished. 

The  cooInictioDt  often  show  rhyllimic  variationii  in  sticngth  (Fig.  76,  B,  a), 
ing  ihemsclvrs  into  group!>,  or  they  inay  be  entirely  iiilcrruptud  for  a 
They  give  pUce  later  to  diastolic  or  sysfolic  slandslil!.  ncroTding  to  the 
ml  of  the  fatigue  of  ihe  muscle.  ITlc  group  fonnaiiun  antl  irrcgulnriiy 
be  atthbutKl  to  the  iticrensed  irritability  of  the  carOisi:  uiu^clc.  Nor- 
illy  the  ventricle  contract*  only  in  obedience  lo  ihe  stitnuli  traTi<mitted  to 
if  from  (he  auricle,  bill  when  the  irritability  of  \\<  miiKle  it,  markedly  in- 
rrea«^,  ■(  vretii!!  to  l>ec(ime  posw^&ed  of  an  itideju-ndent  rliylliin,  and  this 
jnterferei  with  the  contraction?!  arising  frtim  the  niiricW<.  prrxiucing  this  r)\yth. 
Biit-  variation,  just  a*  hcrti*  are  prodiirt'd  in  mtiMC.  When  ihi<  arrion  goes 
iurther,  it  rvMiltK  in  dt-liriiifn  cfi!di».  At  (he  same  time  the  inL'reaACtl  mui^cular 
lability  is  »hown  rnit  only  in  indept-iidetit  rhythm,  but  ul^u)  in  a  teitdency  to 
utne  a  bjrstoljc  phase.  But  if  the  bean  has  been  very  much  oTerto&ked,  it 
any  not  be  able  to  ajtfume  this  position,  and  become  panalyxed  In  diastole. 
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The  auricles  and  the  right  ventricle  are  very  much  less 
affected  by  the  digitalis  action  than  the  ventricles.  This 
furthers  the  irregularity. 

Kven  moderate  doses  of  dij^italis  lessen  the  coronary  cir- 
culation in  the  normal  heart.;  but  this  does  not  hold  for  the 
pathologically  dilated  heart,  for  it  has  been  shown  that  an  ■ 
increase  in  tlie  strength  of  weak  contractions  increases  the 
flow  thi-oiigh  the  coronary  circulation  ;  and  a  dilatation  of 
the  heart  such  as  would  occur  in  valvular  diseases  also 
diminishes  the  coronary  circulation. 

Summary. — To  sum  up  the  effects  of  digitalis  on  the 
isolated  mammalian  heart,  one  may  obser\'C  : 

1.  Primary  quickenin*j  and  strengthening  due  to  direct 
stimulation  of  the  muscle. 

2.  Primary  slowing  due  to  stimulation  of  the  vagus 
endings. 

3.  Secondary  quickening  due  mainly  to  the  increased 
irritability  of  the  cardiac  muscle  ;  to  a  small  extent,  per- 
haps, aho  through  paralysis  of  the  vagu.s  endings. 

4.  Sccondarj-  slowing  and  irregularity  due  to  weakening 
and  fatigue  of  the  cardiac  muscle  through  ovcrstimulatioa 

(b)  In  the  intact  mamnial  the  etTect  on  thcvaffus'is  the 
same  a.s  in  frogs.  It  is  stimulated  by  digitalis  botli  cen- 
trally and  peripherally.  In  addition  to  this,  there  is  an 
importiint  contraction  of  the  peripheral  vessels  from  vaso- 
motnr  stimulation.  The  combination  of  these  three  factors 
— the  action  on  the  cardiac  muscle,  on  the  vagus  apparatus 
and  on  tlie  vasomotor  system — reduces  the  action  of  digi- 
talis to  three  main  stages  (Fig.  77)  :  namely — 

1.  A  slowed  heart  witli  increased  blood  pressure  (fl 
(therapeutic  stage). 

2.  Quickening  of  the  heart  with  high  blood  pressure  (0 

3.  Quickened  and  irregular  heart  with  low  blood  pres- 
sure {ti). 

1.  The  first  stage  (Fig.  TJ,  h,  and  Fig,  78)  is  alo« 
employed  in  therapeutics.  The  phenomena  consist  in: 
Simvin^  of  the  heart,  increase  in  the  size  of  the  individii^ 
pulse  wave,  <uui  a  rise  in  tlie  blood  pressure.  The  ame»ri 
of  blood  expelled  in  a  unit  of  time  is  increased  and  tkf 
velocity  of  the  blood  stream  is  quickened. 

The  pulse  is  markedly  slowed  through  a  leH^kemng 4 
both  systole  and  diastole,  but  especially  the  former.  The 
excursions  are  increased,  especially  the  systolic  (Fig.  ^S) 
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The  stren^^h  of  the  auricles  is  much  less  affected,  because 
tliey  stand  more  thorouj»hIy  under  va^us  control.  The 
synchronism  of  the  ventricles  is  prcscn'cd. 

The  sliKoing  can  be  accounted  for  by  the  stimulation  of 
tlie  vagus,  this  beinjj  both  central  and  peripheral.  If  the 
vagus  be  divided,  there  will  still  be  some  slowing,  but  not 
nearly  as  much  as  when  it  is  intact. 

The  vagus  stimulatit^n  is  not  a  nfiex  through  the  increase 
of  blood  pressure,  for  it  is  seen  even  in  those  rare  cases  in 
which  digitalis  lowers  the  pressure. 

The  imriasfd  ^€  of  the  indhidual  puise  xoat'cs  is  due  to 
the  more  complete  systole  and  diastole.  The  increase  of 
tlic  systole  is  the  result  of  the  muscular  action,  while  the 
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Fig.  77* — Digitalis  on  carotid  prc»urr,  rabbit.  The  actinn  begins  with 
^%  va»ocon<rfrictton  «(  ii  (unusual  in  thi.c  ^cagc) ;  ^  shown  biglt  pressure  with 
'  ftlow  b«au  'lirst  <tagc);  t  show^  high  pic'>>urc  with  '(uick^  beau  (second 
I  HMgc)  ;  d  shows  luw  pressure  with  quick  beats  (third  stage). 

diastolic  increase  may  be  associated  witli  the  vagus  stimu- 
lation. 

I  The  increase  of  blood  pressure  is  due  to  the  increa.sed 
volume  of  blood  thrown  out  at  each  contraction,  which 
occurs  even  when  the  rate  is  quickened.  Although  the 
slowing   tends  to  counteract  this,  it  is  not.  as  a  rule,  suffi- 

'  ctent  to  neutralize  it.  A  beginning  constriction  of  the 
arterioles  also  aids  in  this  rise  of  blood  pressure.  The 
pressure  in  the  pulmonary  arteries  will  also  be  raised  on 
account  of  the  increased  heart  action. 

There  is  quite  a  diOerencc  in  the  effect  of  digitalis  on  the 
diastoie  during  thcfirst  stage,  according  to  whether  the  heart 
is  beating  at  its  normal  rate,  or  whether  it  is  slow  before  the 
digitalis  is  administered.     If  the  heart  is  beating  at  its  nor- 
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nial  rate,  the  diastole  is  increased  by  it.  If,  on  the  other 
hand,  tJic  heart  is  beating  very  slowly,  and  this  slow  beat  is 
caused,  not  by  vagus  ;;timulation.  but  by  weakness  of  the 
cardiac  muscle,  then  the  diastole  is  diminished.  The  cx- 
phination  is  that  the  digitahs  tends  to  jjut  the  diastole  at  its 
full  physiologic  hmit.  In  the  case  of  the  normal  heart,  it 
does  so  by  stimulating  the  vagus ;  but  in  a  heart  which  is 
impaired  by  muscular  weakness,  it  increases  the  contractility 
and  tone  of  the  muscle,  and  in  tliis  way  tends  to  lessen  the 
diastole. 

With  larger  doses  this  stage  is  often  followed  by  an  exag- 
geration of  the  -.agtts  action  (Fig.  78).  The  slowing  is  still 
greater  than  before  and  the  heart  beats  become  irregular, 
instead  of  tlie  increased  regularity^  seen  in  the  t>'pical  first 
stage.  The  individual  pulse  waves  become  rather  less  in 
volume;   the  blood  pressure  falls.     The  irregularity  is  due 


Fig.  78, — Exaggerated  vagus  siimulauan  from  digitalis.  Carotid  pret- 
Mirc,  du)*.  Actiaa  begins  at  X-  '^^^  beats  are  stronf  but  verjr  vlow;  ikr 
pressure  fall^ 

in  part   to   some  muscular  weakening  supplementing  the 
pure  vagus  stimulation. 

The  further  stages  of  digitalis  action  are  characterized  by 
quickening  of  the  heart,  in  contradistinction  to  the  preced- 
ing stages,  during  which  there  was  marked  slowing. 

2.  The  second  stage  (Fig.  77.  c)  is  cliaractcrized  by  a. 
greatly  accelerated  rate;  diminution  in  the  size  of  the  indi" 
z*idnetl  beats,  and  a  high  blood  pressure.  The  hrart  if 
irregtdar  and  arhythnnc. 

This  arhytkmia  is  due  to  the  different  strength  of  the 
effects  upon  the  auricle  and  ventricle,  as  explained  on  page 
491 ;  and  this  results  |>artly  from  the  difference  in  the  amount 
of  vagus  control.  Man\-  types  of  irregularity  may  result 
A  new  injection  often  temporarily  lessens  the  irregularity, 
through  a  strong  stimulation  of  the  vagus ;  but  the  final 
paralysis  is  only  hastened  by  this.     Sometimes  the  heart 
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is  fairly  regular  just  before  paralysis;  this  is  when  the 
auricle  is  paralyzed  first  and  allows  the  ventricle  to  liavc 
its  own  rhythm. 

The  increased  rate  of  the  heart  can  be  explained  by  the 
increased  excitability  of  the  muscle  and  by  panilysis  of  the 
vagus  apparatus,  both  central  and  peripheral.  Stiniutation 
of  the  vagus  trunk  is  ineffectual  (in  dogs).  That  a  greater 
excitability  of  the  muscle  plays  a  part  is  shown  by  the  fact 
that  the  secondary  quickening  occurs  even  after  atropin. 

The  Usscttcd  pulse  waves  are  due  to  the  extremely  quick 
rate,  which  docs  not  leave  the  heart  time  to  expand  and 
contract  to  its  full  extent;  and.  furthermore,  to  the  onset 
of  the  sjfslolic  phase — a  more  permanent  systolic  contrac- 
tion, as  in  the  case  of  the  frog's  heart. 

The  high  blood  pressure  is  due  to  the  extremely  quick 
heart  and  to  constriction  of  the  arterioles. 

i.  The  third  stage  (Fig.  yj,  d)  shows  a  ver}-  fast  pulse ; 
the  heart  becomes  extremely  irregular  and  passes  into  delirium 
cordis  and  diastolic  standstill.  The  puhe  wai'es  are  extremely 
small ;  the  blood  pressure  falls  to  the  abscissa. 

This  irregularity  of  the  third  stage  is  due  to  progressive 
paralysis  of  the  cardiac  muscle,  the  vagus  apparatus  having 
already  been  paral>'zed.  The  fall  of  blood  pressure  is  due 
to  the  lessened  efficiency  of  the  irrtigulnr  cardiac  contrac- 
tions and  to  the  paralysis  of  the  vasomotor  apparatus  which 
takes  place  at  this  time. 

The  pressure  in  the  pulmonar)'  arteries  is  little  changed. 

2.  R6le  of  the  Blood-vessels. — There  has  been  consid- 
erable discussion  regarding  the  role  of  the  blood-vessels 
in  the  ri.se  of  blood  pressure  by  digitalis.  The  phenomena 
observed  on  the  heart  alone  are  quite  sufficient  to  explain 
all  the  stages  of  digitalis  action,  and  can  be  demonstrated  with 
an  artificial  circulation  apparatus  (Kig.  79) :  first  a  rise  of 
blood  pressure ;  then  quickening  of  the  heart  with  blood  pres- 
sure still  high  :  then  a  fall  of  pressure  with  quickened  heart 
These  are  the  same  results  as  those  seen  in  the  ordinary 
pressure  tracing.  The  same  can  be  seen  in  the  frog's  heart 
Here  also  the  pressure  is  first  raised  ;  then  in  the  later  stages 
it  will  fall.  Consequently  it  has  been  held  by.'iome  eminent 
pharmacologists  tliat  there  is  no  constriction  of  the  bUmd- 
ves.5els.  However,  it  is  quite  possible  to  prove  that  there 
is  such  a  constriction  in  the  earlier  stages  of  digitalis  action. 

By  injecting  digitalis  into  a  frog  and  measuring  the  si::e  of  a 
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small  artery  in  the  foot,  it  can  be  seen  tl»at  during  the  course 
of  digitalis  action  the  artery  contracts  to  a  very  great  extent 
(to  about  three -fourths).  The  volume  of  the  mammalian 
kidney,  as  measured  by  tlic  oncometer,  diminishes.  While  the 
blood  pressure  rises  in  the  arteries,  the  tehcity  is eiiminished : 
the  arterial  pressure  rises,  the  venous  pressure  falis.     Both 

these  results  can  only  be  ex- 
plained by  an  increase  of  resist- 
ance. The  study  of  the  indiviiiuat 
pulse  waves  shows  the  same.  If 
the  heart  is  stopped,  the  blood 
pressure  will  come  to  zero ;  and 
this  the  quicker,  the  larger  the 
arterioles.  If  the  heart  is  stopped 
by  stimulation  of  vagus,  after  the 
action  of  dij^italis,  the  pressure 
falls  more  slowly  tlian  nomiaJ, 
showing  that  there  must  be  in- 
creased resistance  to  the  outflow 
of  blood.  The  same  is  seen  nn 
the  individual  pulse  waves.  Trac* 
uigs  sometimes  show  a  rise  of 
pressure  before  the  heart  is  af- 
fected (Fig.  y^,  a).  Further,  the 
circulation  time  through  excised 
organs  is  increased ;  the  action 
may,  therefore,  be  peripheral,  and 
since  it  takes  place  even  in  or- 
gans which  have  been  excised  for 
a  considerable  lengtli  of  time, — several  hours, — it  must  be 
a  muscular  action  (the  nervous  mechanism  dying  much  more 
quickly  than  the  muscular  mechanism  ;  the  excitability  of 
unstriped  muscle  persists  for  several  days  under  favorable 
conditions).  The  cause  of  the  vasoconstriction  is  probably 
of  the  same  nature  as  the  action  upon  the  cardiac  muscle — 
increased  tone.  The  existence  of  some  peripheral  action  is 
also  shown  by  the  fact  that  there  is  some  constriction  after 
division  of  the  cord.  But  some  stimulation  of  the  \-aso- 
motor  center  cannot  be  excluded. 

3.  The  changes  in  the  excretion  of  urine  must  be  re- 
garded as  secondary  to  the  above  actions.  The  diuretic 
ac^on  of  digitalis  in  cardiac  disease  cannot  be  doubted. 


\^LJ 


F'g>  79- — Apparatus  for 
showing  schemkticftllj'  Ihe  ef- 
fect rif  the  heart  on  blood 
pre&suTc. 
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llts  effect  in  Iicalth  is  questioned,  and  seems  to  be  to  some 
lextent  variable. 

It  hfrt  been  mggeited  thai  the  increased  secretinn  of  urine  oTler  digitalis  U 
Hily  a  rruinirtbtUtian  of  the  local  irritant  action  of  the  digitalU  principles  uikjd 
he  cpittirliuRi  of  ihc  kidney.  This  may  be  an  accrssoiy  taiiior,  hut  since  the 
bweais  does  not  occur  in  health,  it  counol  be  a  very  imporunt  odc. 

The  action  is  really  explained  b>'  the  improvement  in  the 

tcirculation.    If  the  blood  pressure  is  low.  digitalis  will  bring 

Eit  up  to  the  normal,  or  above  it ;  and  this  rc-establishment 

)f  the  normal  blood  pressure,  by  diminishing  the  venous 

Icongestion  and  by  increasing  the  amount  of  oxygenated 

blood  carried  to  the  kidneys,  brings  on  the  diuresis.     One 

would  expect  a  diuretic  effect  when  the   heart  is  weak,  and 

comparatively   little  eftect  when    the    pressure    is    normal, 

since  digitalis  aflects  the  circuUition  most  powerfully  in  the 

former  case.   One  might  be  tempted  to  think  that  the  action 

should  increase  with  the  dose,  and  that  tlierc  should  be  an 


w- 


Fig.  80. — Digitalis  ou  rcspiratioiL     The  action  begins  at  X- 


increased  diuresis  even  in  normal  individuals.  This  would 
l)c  the  case  were  it  not  for  the  constriction  of  the  renal 
arterioles.  The  hitter  interferes  quite  serioush'  with  its  ac- 
tion :  strophanthus,  whieli  has  little  vasomotor  action — or 
the  addition  of  nitroglycerin,  which  counteracts  the  con- 
striction— greatly  increase  tlic  diuresis. 

The  N  in  the  urine  follows  the  diuresis  fairly  closely.  This 
probably  due  to  improved  nutrition  of  the  kidney  celLs. 
4.  The  direct  efTccts  of  digitalis  upon  the  central  ner- 
yous  system  are  purely  meduHary.  It  stinndates  the  vagus 
center,  then  the  vasomotor  center,  then  llie  respiratory  cen- 
ter (Fig.  80).  and  it  may  also  stimulate  the  vomiting  and 
convulsion  centers  in  the  medulla.  It  sometimes  seems  to 
have  effects  upon  other  parts  of  the  central  nervous  3}'Stem, 
but  these  must  be  considered  as  purely  secondarj'  to  the 
changes  in  the  circulation.  The  stimulation  of  the  medul- 
lary centers  is  followed  by  paralysis  in  the  same  order. 
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The  quickening  of  the  heart  occurs  therefore  before  the  fail 
of  blood  pressure. 

5.  Local  Action  of  Digitalis.— This  is  in  the  nature  of 
an  irritation.  Digitalis  has  little  action  on  the  skin,  its  prin- 
cipal efTect  being  on  the  mucous  menibianes.  If  taken  in- 
ternally in  large  doses,  it  gives  rise  to  gastritis  ami  diarrkta. 
This  is  of  some  little  iniport;mce,  as  it  may  interfere  with  tlK 
use  of  digitalis  in  certain  cases.  It  is  usually  taken  as  a  sign 
to  stop  the  use  of  digitalis  to  safeguard  against  cumulati\T 
effects.  The  local  irritant  action  is  further  of  importance  in 
that  it  interferes  with  the  hypodermic  admitustration  of  digi- 
talis.     In  many  cases  this  causes  abscess  formatioK. 


V.  DIFFERENCES  IN  THE  MEMBERS  OF  THE  GROUP. 


llie  «typi<.-«1  tDem)>rni — alkftlies  verairin,  ind  bkrium  salts — resemble  digi- 
UlU  only  when  they  arc  used  iit  small  diisrs  Ap)iUrd  tlireclly  Ut  llie  fiof't 
heiirt-  If  used  in  Ini^er  quantities,  ih^y  paralyze  the  hearl  muscle  Iraoi  lae 
start— especially  the  boriam  salts  and  alkalies — and  produce  diastolic  sttod- 
still. 

Capper  sails,  apomnrphin,  and  acids  have  an  action  etactly  oppctsed  10  ilui 
of  digitalis.  They  LesiKen  the  force  aod  rate,  and  produce  diastolic  standstill 
from  direct  action  on  the  cardiac  tnusclc. 

All  these  dnigs  have  more  jj^iwcrCuI  effects  on  other  ports  of  the  ^sU& 
In  (he  cose  uf  bnrium  salts,  alkalies,  and  acids  it  would  be  quite  ii&pciMbIc 
to  gp(  n  digitalis  action  wher  aihninistrred  by  the  stomach,  beraute  tbcy  Bt 
either  nol  absorbed  or  are  so  changed  that  they  cannot  act  as  acids  or  alkalies. 

AH  the  regular  members  of  the  digitalis  series  have  the 
typical  :ictions  which  have  been  described,  but  the  extent  to 
which  they  act  upon  the  three  systems — vagus  center,  car- 
diac muscle,  and  vasomotors — differs  in  the  different  mem- 
bers of  the  group;  and  this  is  of  great  practical  importance, 
because  it  limits  their  employment  in  several  cases  and  makes 
one  more  useful  than  another.  The  subject  has  scarcely 
been  sufficiently  investigated  experimentally,  especially  wth 
regard  to  the  effect  upon  the  total  circulation  (as  could  be 
done  by  circulation  time  and  other  mctiiods).  Therapeu- 
tically it  is  often  found  tliat  one  member  will  do  hann, 
whilst  another  will  prove  beneficial. 

Digitoxin  has  the  most  pronounced  local  action.  \\herc» 
this  is  comparatively  small  with  digitalein  ;  the  latter  niigW 
possibly  be  used  I)ypodermically,  but  digitoxin  could  no* 
be  recommended. 

Of  the  different  preparations  of  digitalis,  the  tincture  con- 
tains mainly  digitoxin,  digitalin,  and  digituphyllin ;  the  in- 
fusion conUiins  these  to  a  lesser  extent,  and  relatively  more 
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digitalein  and  digitonin.  As  it  contains  less  of  the  digi- 
toxin.  it  will  be  less  irritant.  Tlie  digitonin  contained  in  it 
will  tend  to  counteract  the  constrictor  effects  of  the  other 
digitalis  principles,  and  to  a  less  extent  the  action  on  the 
heart  Since  diuresis  is  largely  interfered  with  by  the  con- 
strictor action,  the  infusion  would  be  especially  useful  when 
the  diuresis  is  an  important  object ;  whereas  in  those  cases 
in  which  the  action  on  the  heart  is  the  main  consideration, 
the  tincture  would  be  more  indicated. 

The  must  important  drug  of  the  digitalis  group  next  to 
digitalis  is  j/rf///</«//r//j;  and  this  perhaps  deserves  to  be 
the  more  popular.  It  has  more  of  the  action  upon  the  car- 
diac muscle,  and  less  of  the  action  upon  the  medullary  and 
peripheral  nervous  mechanism,  and  upon  the  vasomotors. 
This — a  strong  acdon  on  the  cardiac  muscle  with  a  mini- 
mum action  on  the  vessels — is  exactly  what  is  desired  in 
most  cases.  It  is  stated  that  its  beneficial  action  is  not  as 
lasting  as  that  of  digitalis,  but  the  statement  may  be  ques- 
tioned. 

Ationitiin  has  been  urged  as  safer  than  digitalis,  but  the 
evidence  appears  insufficient. 

ErythrophlHn,  the  alkaloid  of  sassy  i>ark,  has  found  thera- 
peutic employment.  Experience  with  it  has  not  been  en- 
tirely favorable.  It  produces  a  strong  local  irritation,  and 
is  so  painful  that  it  cannot  be  used  hypodcnnically.  T;ikcn 
by  the  mouth,  it  causes  gastritis;  the  medullary  (vagus)  and 
vascular  effects  predominate  and  the  cardiac  effect  is  less. 
The  diuresis  is  much  smaller,  so  that  there  seems  to  be  no 
indication  for  it,  and  almost  every  contraindication. 

VI.  TOXICOLOGY. 

The  toxic  effects  have  almost  always  been  due  to  the 
cumulative  action. 

A  person  treated  with  digitalis  may  show  no  unpleasant 
symptoms  for  a  considerable  time,  when,  without  increasing 
the  dose,  the  second  or  third  stage  may  set  in  quite  sud- 
denly and  without  warning.  The  symptoms  of  these  later 
stages  of  digitalis  action  are  those  airciniy  stated:  fast 
irregular  pulse ;  gastro-enteritis ;  various  nervous  phe- 
nomena, which  are  to  be  referred  to  the  disturbed  circu- 
lation, and  may  therefore  be  extremely  variable.  The 
postntortim  appearances  would  not  be  at  all  characteristic. 
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There  might  be  some  irritation  of  the  gastro-intestinal 
canal. 

As  to  the  treatment  of  digitalis-poisoning,  this  should 
be  mainly  proplnkictic — i.  e.,  directed  to  the  avoidance  of 
tlie  cumulative  action.  This  can  be  best  done  by  intermit- 
ting the  digitalis  for  several  days  at  a  time,  and  then  tjiviiig 
it  again  for  a  few  days,  and  juj  on.  The  dose  should  be 
cut  down,  nut  increased,  when  the  pulse  becomes  rapid;  to 
push  the  drug  at  this  time  may  give  temporary  rehef,  but 
will  hasten  death. 

When  the  poisoning  has  actually  set  in,  and  there  is  rea- 
son to  suppose  that  digitalis  is  still  contained  in  the  stomach, 
this  should  be  evacuated.  The  rest  of  the  treatment  is 
purely  symptomatic ;  general  stimulants  should  be  given, 
because  the  danger  in  (hgita  I  is -poisoning  is  mainly  on  ac- 
count of  its  action  on  the  medullary  centers;  or,  at  least, 
very  little  can  be  done  for  its  action  on  tlie  heart.  If  the 
last  stage  has  not  yet  been  reached,  one  may  counterad 
the  constriction  of  the  vessels  by  nitroglycerin. 

The  fullciwing  (*ives  iin  idea  of  the  rt/ainv  toxi.-ity  of  some  of  die 
;  To  stop  ihe  frvig'?  hmit  there  Me  required  of; 
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of  ihe  group 

I>i)!iioxin  .  . 
StroptiMili]u» 
Antiarin    .    . 


I         lo       milligram  l(Koppe). 

I        0.0^5  "  (tJley). 

0.05  to  0.1  "  (Hedbom— R.  cscalcnU). 

I       0.004  '•  I  (Hedbom— R.  temponrii). 


Vll.  THERAPEUTIC  USES. 

The  first  stage  of  the  digit;ilis  action  is  the  only  one  inten- 
tionally induced  for  therapeutic  purpo.ses.  In  order  to  ap- 
preciate its  indications,  it  will  be  well  to  recall  its  phenomena. 
These  are  : 

1.  Slowing  of  the  heart,  witli  systole  and  diastole  both 
lengthened. 

2.  Increased  strength  of  beat,  leading  to  greater  efficiency 
of  the  individual  contractions,  and  to  an  increase  in  the  total 
efficiency  (greater  outflow  per  unit  of  time  and  greater  pres- 
sure). Tliis  eflect  is  most  conspicuous  on  the  left  ventricle, 
less  on  the  right,  least  on  the  auricle. 

3.  A  tendency  to  the  systolic  phase. 

4.  A  rise  of  blood  pressure,  due  mainly  to  the  incrtased 
action  of  the  heart,  but  partly  also  to  a  vasoconstrictioB. 
In  consequence  of  the  latter,  there  is  somewhat  increased 
resistance  in  the  circulation. 
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In  consequence,  digitalis  is  ittdtcaudin  all  conditions  of 
rnfnd  pulse  ^inth  hnv  bivmi pressure.  It  is  especially  useful 
in  valyalai  disease  of  the  heart  by  causing  cumpcnsatitiin, 
preventing  the  reflux  i.i{  blood,  and  by  rtilieving  congestion. 

In  order  to  understand  the  manner  of  its  action  in  these 
conditions  it  will  be  well  to  briefl}-  review  the  phenomena 
produce*!  by  these  lesions  on  the  simplest  case,  viz..  mitral 
insufficieDcy. 

The  diagram  (Fig.  8i)  will  ser\*e  to  illustrate  these  points. 
When  an  insufficiency  of  the  mitral  valve  exists, — when 
this  cannot  close  the  auricnio-ventricular  orifice, — the  ven- 
tricular systole  will  not  empty  the  entire  contents  of  this 
chamber    into    the 

aorta;    instead    of  y^^r 

the    blood    taking  '^ 

the  normal  patli 
through  the  greater 
circulation,  part  of 
it  will  be  pumped 
to  and  fro  between 
the  auricle  and 
ventricle.  What 
will  be  the  result  ? 
Following  the  di- 
rection of  the 
stream,  there  will 
be  throughout  the 
drcuiation  a  les* 
sened  amount  of 
arterial  bl(K>d,  which  implies  lessened  nutrition.  All  the 
organs  will  perform  tlieir  functions  less  thoroughly  on 
account  of  this.  The  heart  muscle  will  become  weaker 
through  the  lessened  coronary*  circulation.  There  will  be 
a  tendency  to  degeneration  of  its  muscular  fibers.  The 
kidneys  will  secrete  less  urine.  The  comlition  in  the  intes- 
tines will  interfere  with  digestion  and  absorption.  There 
will  be  an  interference  with  the  nutrition  of  the  Hver  and 
urith  its  functions.  \^ 

In  the  reverse  direction,  the  regurgitation  of  blood  from 
the  ventricle  into  the  auricle  will  interfere  with  the  emptying 
of  the  pulmonary  veins.  This  produces  congestion  of  the 
lungs  ;  the  amount  of  blood  flowing  through  the  lungs  will 
be  diminished,  consequently  less  oxygen  will  be  carried ;  so 
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T\%.  81. — DiAgnm  of  circulation. 
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that  the  arterial  blood,  which,  as  we  noticed  before,  was 
diminished  in  amount,  will  also  be  diminished  in  oxygenat- 
ing power.  Tliis  conjjestJon  of  the  lungs  tends  to  pul- 
monary effusions  and  edema. 

The  passive  congestion  will  not  stop  here,  but  extend  to 
the  right  ventricle,  to  the  right  auricle,  thence  to  the  hepatic 
circulation,  and  to  all  tlic  abdominal  viscera.  The  venous 
congestion  interferes  with  the  nutrition  and  functions  of  the 
organs.  (The  function  of  the  kidney  can  be  entirely  stopped 
by  ligating  the  veins  coming  from  it,  and  the  urine  flow 
varies  with  the  rapidity  of  the  circulation  through  the  kid- 
neys.) This  venous  congestion  also  leads  to  edema  and 
effusitm,  just  as  does  ligation  of  the  veins. 

The  valvular  defect  therefore  interferes  with  nutrition  in 
three  ways:  By  the  lessened  amount  of  blood  thrown  into 
the  aorta  ;  by  tlie  lessened  oxygenating  power ;  and  by  the 
venous  congestioci. 

The  heart  is,  perhaps,  the  first  organ  to  suffer  under 
these  conditions.  Consequently  it  will  become  weaker  and 
weaker,  and  in  becoming  weaker  will  render  the  conditions 
worse,  establishing  in  this  way  a  kind  of  endless  chain,  a 
drcuhfs  vifiosus.  I-urther.  the  edemas  will  interfere  me- 
chanically with  the  movemcnLs  of  the  heart 

These  are,  in  brief,  the  conditions  which  have  to  be  met. 
This  the  heart  itself  attempts  to  do  b>"  hypertrophy,  and  as 
long  as  the  hypertrophy  is  sufficient  it  is  useless,  ajid  may 
even  be  harmful,  to  employ  any  drug.  But  let  us  suppose 
that,  from  any  cause,  the  compensation  has  become  insuffi- 
cient. This  may  be  from  extra  work  thrown  upon  the 
heart,  from  an  extra  congestion  througli  a  cold,  or  from 
any  nther  cause.  As  has  been  seen,  even  a  temfxinir}' 
deficiency  will  lead  to  a  continuous  and  cver-aggravating^ 
chain  of  symptoms,  and  herein  lies  its  danger.  This  ma>"be 
prevented  by  digitnlis,  or  the  chain,  if  already  started,  nay 
be  broken  by  it.  It  will  be  remembered  that  the  therapeu- 
tic action  of  digitalis  results  in  stronger  contractions  of  thf 
heart,  in  prolonged  phases  of  systole  and  diastole,  and,  in 
con.sequence,  in  a  rise  of  blood  pressure.  If  the  heart  con- 
tracts more  strongly — and  wc  take  this  to  be  the  first  acbon 
of  digitalis — a  larger  amount  of  blood  will  be  thrown  into 
the  aorta  and  coronarj'  circulation.  The  first  effect  will  be 
an  improved  nutrition  of  the  heart.  This  in  itself  will 
again  cause  the  heart  to  contract  more  powerfully,  and  >n 
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endless  chain  of  improvement  wiil  replace  that  of  weaken- 
ing! The  tonic  action — the*  fact  that  the  digitalis  tends  to 
produce  a  permanent  systolic  condition — aids  in  this  result 
in  that  it  narrows  the  rin^^s  of  the  valves,  brinj^s  them  to- 
gether, narrows  the  oinficc.  and  in  this  way  abolishes  the 
effects  of  the  distention  and  tends  to  lessen  the  insuflicicncy. 
Since  the   heart  pumi)s  more  blood,  the  whole  arterial 

'  55'steni  will  be  distended  and  more  blood  will  be  forced 
through  the  vascular  sjstem.  In  the  case  of  the  kidneys, 
this  will  lead  to  an  increased  secretion  of  urine;  in  tlic 
case  of  the  intestinal  orj^ans.  to  improvement  in  digestion 
and  absorfjtion.  and  this  to  improvement  in  the  general  con- 
dition of  the  patient. 

The  venous  congestion  will  tend  to  be  relieved.  This 
relief — as,  in  the  reverse  case,  the  drag — will  fall  in  the  first 
place  upon  the  lungs,  and  bring  about  better  oxygenation. 
The  lowering  of  the  venous  pressure  will  tend  to  cause  ab- 
sorption of  the  effusions,  and  the  heart,  not  being  interfered 
ft'ith,  will  work  more  efficiently.     The  increased  secretion 

"^of  urine  will  al.so  aid  in  an  elimination  of  the  effusions.  So 
that,  just  a-s  the  heart  went  downward  by  the  interaction  of 
the  different  causes  when  compensation  became  insufficient, 
it  will  continue  the  improvement  through  the  interaction  of 
these  same  causes  applied  in  reverse  direction,  once  it  is 
started  on  this  track  by  digitahs.  Consequently  the  results 
of  digitalis  are  more  or  less  permanent ;  they  last  even  after 
the  remedy  lias  been  stopped.  All  that  is  necessary'  is  to 
re-establish  compensation,  and  the  heart  may  be  relied  upon 
under  ordinary  conditions  to  maintain  it     After  compensa- 

•tion  has  once  been  re-established,  the  employment  of  digi- 
talis is  conlraindicated.  from  the  fact  that  it  causes  constric- 
tion of  tlic  blood-vessels.  Relapse  may,  of  course,  occur 
through  the  same  causes  as  primary  insufficiency,  and  will 
then  again  require  the  drug. 

In  all  cases  the  constriction  of  the  peripheral  vessels  is  an 
undesirable  side-effect.  Indeed,  the  indication  is  as  much  to 
diminish  the  resistance  to  the  heart  as  to  increase  the  amount 
of  work  which  it  is  capable  of  doing.  The  constriction  also 
interferes  with  the  diuretic  action.  It  is  weU,  therefore,  to 
counteract  it  as  much  as  possible.  This  may  be  done  to 
some  extent  by  choosing  the  proper  member  of  the  group ; 
and  in  this  way  strophanthus  seems  to  be  superior  to  digi- 
talis.    The  same  object  may  be  accomplished  in  another 
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way  by  the  simultaneous  cxiiibition  of  drugs  which  will 
produce  vasodilatatinn.  such  as  the  nitrites.  But  it  must  be 
remembered  that  the  digitalis  action  Ls  lasting,  whereas  the 
nitrite  action  is  quickly  produced  and  lasts  but  a  short  lime; 
so  that  it  is  belter  to  give  the  two  remedies  separate,  and 
not  ill  the  same  prescription  (digitahs  perhaps  five  or  six 
hours  ajxirt;  the  nitrites  two  or  tlirec  hours  apart). 

Other  forms  of  insufBciency :  What  has  been  said  in 
regard  to  the  action  of  digitalis  on  mitral  insufficiency  ap- 
plies with  equal  force  to  insufficiency  anywlicrc  else  in  the 
circulation;  for  since  the  circulation  is  a  closed  system,  it 
does  not  matter  (jreatly  where  the  additional  force  is  applied 
or  where  thr  leak  i.s^tbc  result  will  in  all  cases  be  nearly 
the  same.  The  same  usefulness  of  digitalis  will  appear  in 
most  cases  of  stenosis.  The  increased  resistance  in  this 
case  leads  to  the  same  results  as  the  leakage  In  the  case  of 
insiifficienc)',  and  can  be  combated  by  the  same  factors: 
viz.,  the  strengthened  beat  of  the  heart. 

The  only  valvular  disease  in  which  digitalis  may  give 
unfavorable  results  is  mifntl  sWNosis.  It  will  be  remem- 
bered that  digitalis  acts  comparatively  weakly  upon  the 
auricles,  much  more  strongly  on  the  ventricles.  Conse- 
quently a  mitral  stenosis  cannot  lie  affected  by  action  i>n 
the  left  auricle,  but  only  through  tlie  right  ventricle 
This  increased  work  of  the  right  ventricle,  combined 
with  the  stenosis  of  the  mitral  vnlve,  will  tend  to  pro- 
duce congestion  of  the  pulmonary  vessels,  consequently  to 
lessen  the  oxygenation  of  the  blood,  and  in  this  way  may 
interfere  witli  the  nutrition  of  the  heart.  Then,  again,  tiie 
systolic  tendency  of  the  digitalis  will  render  the  stenosis 
more  marked,  just  as  it  counteracted  insufficienc\'  by  a^ 
proaching  the  valvules.  On  the  other  hand,  the  cardiac 
slo^ving  will  give  the  lungs  more  bme  to  empty  into  the 
heart  Some  conditions  of  tlie  action  of  digitalis  are  there- 
fore favorable,  others  unfavorable ;  and  the  effect  upon 
patients  is,  in  consequence,  variable.  Some  cases  of  mitral 
stenosis  arc  benefited  by  digitalis,  otlicrs  arc  even  made 
worse.  The  digitalis  must,  therefore,  be  carefully  watched, 
and  if  it  is  seen  that  the  symptoms  are  not  improved,  it 
should  be  omitted  and  replaced  by  other  remedies  :  If  the 
symptoms  arising  from  low  blood  pressure  predominate,  it 
would  be  well  to  employ  vasoconstrictors ;  if  those  from  a 
weakened  heart,  vasodilators. 
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Another  condition  in  which  caution  in  the  use  of  digitalis 
is  recommended  is  aortic  insufficieitcy.  It  is  said  that  in 
this  condition  the  prolonged  diastole  will  give  the  blood  in 
the  brain  a  chance  to  gravitate  back  into  tlic  licart,  and  thus 
produce  syncope.  It  is  diflicult  to  sa>-  just  how  much 
weight  can  be  placed  on  this.  At  any  rate,  it  would  justify 
the  caution  of  keeping  the  patient  In  bed  so  as  to  avoid  the 
upright  position.  No  harm  will  be  done  by  tliis ;  on  the 
contrary,  the  rest  can  only  be  beneficial. 

It  must  be  remembered  tliat  the  most  useful  eflccts  of 
dij^italis  are  produced  by  a  stimulation  nl  the  dirdiac  mus- 
cle. As  a  result  of  the  better  nutiition  produced  in  this 
manner,  the  muscukir  fibers  may  afterward  h)'ixTtrophy.  or 
new  fibers  may  possibly  be  formed  ;  bvit  the  primar>'  action 
of  digitalis  itself  Ls  confined  to  the  already  exi.sting  muscle; 
consequently  it  will  be  of  no  use  if  there  is  practically  no 
muscle  left  to  respond  to  it.  It  is  therefore  useless  with  a 
heart  which  has  undergone  marked  fatty  degeneration, 
An<i  in  this  condition  it  is  even  contraindicated.  on  account 
of  the  vasoconstriction.  A  condition  of  tliat  kind  't&  per- 
haps best  treated  by  careful  exercise  in  sucli  a  way  as  to 
favor  oxidation,  to  try  to  remove  the  fat  iti  this  manner. 
Regarding  the  use  of  digitalis  in  aneurysm :  tlie  sudden 
distention  of  the  aneurysmal  sac  by  a  larger  mass  of  blood, 
which  would  be  the  result  of  digitalis,  is  exactly  contraindi- 
cated. The  only  rca,son  why  digitalis  has  not  done  more 
harm  in  this  u^ay  is  that  it  has  nnt  generally  been  used  in 
large  enough  doses  tu  have  a  marked  efTect. 

Digitalis  is  sometimes  employed  in  fevers.  In  a  number 
of  these — *\  g.,  in  diphtheria — the  heart  is  directly  weakened 
in  a  manner  which  would  be  exactly  counteracted  by  digi- 
talis. Here.  also,  the  vasocoustrictioii  is  contraindicated 
(unless  there  is  also  a  vasomotor  ]jaralysis),  not  only  on 
account  of  the  increased  work  thrown  on  the  heart,  and 
which  in  fevers  can  usually  not  be  well  met  by  compen- 
sation because  it  is  too  acute  ;  but  also  because  it  inter- 
feres with  the  loss  of  heat,  which  is  so  desirable  in  fever. 
Consequently,  if  members  of  the  digitalis  group  arc  cm- 
ployed  at  all.  they  must  be  combined  with  large  doses  of 
the  nitrites.  In  such  a  combination  they  should  be  very 
useful,  and  it  seems  as  if  they  have  hardly  received  suffi- 
cient  trial.     In   certain   fevers   the    heart   is   very   much 
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quickened,  but  without  any  weakening.     These  would  not 
require  digitalis,  but  rather  aconite. 

During  the  course  of  tlie  administration  of  digitalis  one 
frequently  meet:^  with  cases  o(  ctimulatiye  action ;  this  is 
partly  due  to  the  very  slow  excretion.*  It  also  requires 
quite  a  long  time  to  produce  its  action  ;  and  the  temptation 
arises  to  repeat  the  dose  when  the  first  one  mijjht  have 
been  sufficient  if  given  time.  In  this  way  all  of  the  first 
dose  may  not  be  eliminated  when  the  second  dose  is  taken, 
and  a  large  amount  of  digitalis  may  be  stored  up  in  the 
system.  One  must  also  remember  that  less  and  less 
digitalis  is  rcquirc<i  during  the  course  of  the  treatment, 
as  the  heart  improves.  In  all  of  these  ways  a  cumu- 
lative action  may  be  gradually  established.  Other  cases 
develop  the  second  or  third  stage  of  digitalis  action  all  at 
once,  without  warning  or  apparent  cause.  These  cases  are 
probably  explained  by  an  effect  on  tJic  kidney  vessels,  the 
vasomotor  system  suddenly  becoming  for  some  reason  more 
sensitive,  and  stopping  tlie  excretion  of  urine  aiicl  thereby 
of  the  digitalis,  whilst  its  absorption  is  unimpaired. 

As  a  prophylaxis  against  the  cumulative  action  it  is 
usually  directed  that  the  condition  of  the  alimentary-  canal 
be  watched  and  the  digitalis  stopped  as  soon  as  the  irrita- 
tion makes  itself  felt.  But  even  without  this,  the  adminis- 
tration of  digitalis  should  be  intermitted  from  time  to  time 
as  a  matter  of  routine.  A  good  rule  is  to  continue  the 
digitalis  for  ten  days,  then  intennit  for  four  days  and  begin 
again.  It  is  to  be  continued  no  longer  than  is  neccs3ar>-  to 
re-establish  ct>nipensation. 

The  vasoconstriction  itself  may  be  valuable  in  some 
conditions.  In  acute  vasoconstrictor  paralysis — as  from 
shock — str\'chnin  would  he  more  useful,  since  it  acts  more 
quickly.  Digitalis  would  only  be  preferred  against  more 
persi.stent  vaso-paraly.sis,  such  as  that  producing  one  kind 
of  drop.sy. 

The  local  actions  are  employed  in  very  few  members  of 
the  group  :  in  the  case  of  squills,  as  a  diuretic  and  nattseant 
expectorant ;  and  in  the  case  of  cuonymus  (wahoo),  as  a 
cathartic. 

*  It  tskcs  from  four  to  cigbl  hours  tn  sec  anj'  mntkcd  excretion  of  diglliJte. 
With  most  drugs  the  excretion  is  much  ouicker,     lu  the  t»se  ol  aconite,  i 
of  lh«  dnig  has  left  the  Sfstem  In  three  bour^ 
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Vm.  MATERIA  MEDICA. 

I.  DigitalJ*  <U.S.F. )  [Digitalis  Folia,  U.I'.].— /oxf/n/^.— The  Iraves 
of  lli«  ftMTond  ytAj'i  growth  of  Digitalis  purput-ta,  Scrt^hularinr.T  ;  Europe 
(and  cutiivfticil), 

'riitf  aLiivity  of  tlilTcrenl  coiiiiDcrciiil  sAinplcB  of  DigitiiJi»  vuritrii  euornioiuly. 
Of  two  lots  under  examination,  oi>e  was  /f  times  [']  a«  ntntng  as  aitotber. 

Digiulis  leaves,  cultivated  in  the  United  Slates,  are  fairly  active. 

*  Other  &pecie»  uf  digitalis. 

Active  principleo,  see  page  484.     Fat,  Muciln.|ie,  etc. 

£xira%tum  Di^itnlis  (U.S.!*.). — Ay/.-  0015  \%  grain). 

£xtraitiim  Digitalis  Huidum  (U.S.P.)- — Two-thirds  alcohol;  miscilile 
with  water  aiid  alcohol.     Dorr  :  O  06  If)  0. 15  c.c   (I  let  3  fniniin!«|. 

,%  Tiu.tura  Ihgitalu  (U.S.P.,  IS/t)C*^  5%  li.H.J.— Onr  half  alcohol; 
miKihle  in  wnier  and  alcoliol.  Dittt:  0.3  to  1.5  c.c.  I5  lo  ^  mininis).  TUia 
ia  **im|inirrd"  if  the  leaves  have  been  previously  extracted  by  petroleuEii 
ether,      Uwd  mainly  for  carrliac  action. 

^•^/n/nsutn  Dijiitalit  (U.S. P..  RP.). — I-S^E.  £htt :  4  to  15  c.c.  (1  la 
4  drachni-^).  Thi^  preparation  mtiHl  not  he  Ix^led  (boiling  for  thme  hours 
destTO>-5  the  Kliviiy  almost  eniirelyj.     Used  mainly  for  diurelic  action. 

s.  Digitalis  principles:  On  aii-ouiicof  their  cx|>ense  and  the  inxilnbility 
of  the  greater  ntiinlM-r  in  water,  thry  have  nol  rcfrived  exiensive  Irial.  It 
seeing,  however,  doubtful  whether  ihey  nre  at  all  superior  to  the  galenic 
pR|iaiation^  The  '*  printipUrs  ''  on  ihc  inurket  are  for  tlic  most  part  pu-pared 
from  tbr  liecd.     They  are  geneniily  impure  mixturrs. 

Of  the  many  that  are  rotnetitncs  reGotninende<J,  the  followiog  may  be 
selected: 

•y>/fr;fffjw»  (verum). — Insoluble  in  water.     Doie  :  0.3100.6  mg.  (g^  to 

*  DtfitaUim  (venim). — Soluble  in  water  and  alcohol.     Oasf  :  I  to  a  mg. 

*  Digitalin  Grrmaniatm  (mixture). — Soluble  in  water  or  alcohol.  Dose  : 
I  la  2  mg.  (|>{  to  j>,  grain). 


3.  Plants  /rem  Familv  of  Apoi^yHatta  : 

Strophanthus  (U.S.P.).— Seed  of  S.  kisfndus.  Central  and  western 
Africa  IuwhI  by  natives  as  arrow-jKiiton).     Psettdo-Jtruphanlhin,  etc. 

Str«phanihi  Semina  \\\.V.}. — Seed  of  S.  Knmb^.     Stmphanthin. 

Other  species.  Kwiie  entirely  devoid  of  glucc^ids  or  action,  are  sumrtimes 
fubstiiulfd  for  thevr. 

cible  with  water  otmI  alcohol.  Dmr  :  o.\  too.6c.c.  (5  to  to  minims).  Seems 
to  deherve  preferenfe  over  Digitalis  for  all  pvirposes. 

Exmiitum  S(ropkan(hi  \]i.V.).~~Dose :  0.015  to  0.06 Gin.  (%Xat  grain). 

StrttfkanlAiH  is  but  liitle  used.  Most  Mkiiiples  consist  of  Pseudo-struplian- 
thin,  which  is  nearly  twice  as  active  as  ihe  (me. 

Apocynum  (U.Si.P.). — Canadian  Htmp, — The  root  of  Apocynum  eanna- 
hinum, 

*  Other  specie*.     North  Amerka, 

Active  ptiociples,  page  4S1.     Tonnin,  resin. 

f^jitniTutn  A.  Hmdum  (U.S,P-). — Two-thirds  alcohol,  with  glycerin. 
Miscible  with  water  and  alcohol.  Dne:  0.3  ec,  ($  miaims) ;  as  emetic,  i 
to  2  cc  (15  to  30  minims). 

•  Not  official. 

The  most  important  preparatiotu  are  marked  ^"^^ 
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*  Oleander.  —  I.e«v«  of  Nenum  OUamier.  Medilcmnean.  Olwindria. 
Since  this  tree  U  often  ciillivatnl  as  an  ocnuiient,  it  may  give  rise  to  accidental 
puiHoning. 


.P.,  13.5^].—^'^.-  0.6  lo  3C&  (loti>45 


4.  Famtly  of  Liliarett ; 

Scilla  (U.S.P..   B.P.).—J^//j.— The  bulb  of  Urgitua  mariiimm^  Mc^ 

teimnean.     Scillotoxin,  etc.;  mucila^.     May  be  adminisiered  tA* Inftmem, 

I  :  20.     Dosi :  1. 5  la  5  c.c.  (W  to  \%  drachms). 

Acftnm  S.  (U.S.P.,  lO^fe)  (B."  '        ~ 

minims). 

Extractnm  S.  FliiiJum  (U.S.P.). — Three- fourths  alcohol.     Xhu:  tto6  to 
0.3  c.c    (1  lo  5  minims). 

,t».  Tim<tHra   S.   lU.S.P.,  15^?.)   [B.P.,  20%].— Three- fourth*    aloohol. 
£>otf  ;  0.3  lo  3  c.c.  (5  lo  30  minims).     Best  prepaialiun  fur  tliarcsis. 

Syrvput  Srillr  (U.S.P,,  B.P.).— 4.5;^  (contains  acetic  ncid).     Date  •  Jin 
4  c.c.  ( 1^  to  I  drachm  I ;  beu  pTcparaiton  fi^r  nnuseanL 

J^^Svriifiuji  SeiiiLr  Comp.  (U.S. P.). — (Hire  Synip.) — ConUins  AntinOfiV 
(seeCha'p.  XXVII). 

Oxymel  Siilta  ( B.P.).— 10%.     Dote:  2  to  4  e.t  (X  to  I  dncfan). 

Pilnta  Seillit  Comp    {B.P.). — CiniUiiis   Ginger  and  Ammontac      Dau: 
0.25  to  0.5  Gm.  (4  to  8  ^nios). 

Pifn!,!  ipeiaatMHfui  cum  ScUla  (B.P.y — (Contains  5%  each  of  Opmn  nd 
Ipcrnruaiiha.)     Diue :  0.25  (u  0.5  Gm.  (4  to  8  grains). 

Convallu-ia  (I'.S  P.  l.  — //Vv  0/  tki   Valley. — The    rocH   of   CpmiaUtna 
mtijiilts:  Enrope.  ciiltivnied.     Convatlarin  and  ConvallamariD. 

F.jctraitum  V.  J-luitlum  (V-iiP.). — One-half  aicohol.     ZVv.'a3lDi<x 
(5  lo  15  minims^. 

*  KAtrdifum  C.   Flcrum  f7uii/um,'H.¥. 

*  Polygon  a  tunj. — Solomon's  .Seal. 

*  S»ii,'a<in,i.  —  False  Solomon's  Seal. 


1 
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5.  Family  of  RanHUculatta  : 
*  Hellebonis  niger. — The  root;  Eumpe.     Hetteboreui.  Uelleboris. 

Tht  former  is  soluhU  in  Vfjter  {imoltthU  in  alc0kol\  ami  4i>/</r  /»rt*  j 
iit  far  fiy/'Oil/rmif  at/Nii»it/ru/i,-».  D»sr  '  Hellebonu,  0.3  ID  1. 3  G«. 
20  graiiu)  :   Helletforcin,  0.01  Gm.  (J;^  grain). 

*  Adonis  vemalis.— Kuropr. 

**  Adonidin  — Soluble  in  urnter  and  alcotiot.     Dos*:  0.00$  to  o.otf  ' 
(A  to  i^  grain). 


6,    Oikrr  Families  : 

*  Erythrophleum. — The  bark  of  E.  f^ineeme^  Ije^rominnsw  \  Aftka 

*  TtHctura  £'. — IO'{.      tX'sr  :  0.3  to  0.6  cc.  (5  lo  lO  mminu). 

*  ErythrophUin. — Soluble  in  water  or  alcohol.  Deter  0.03  loaeA  Gb. 
(t^  to  I  grain). 

Euonjnnus  (U.S.P.V— »f*iAtfp.— Rooi-bark.  EMtmymus  atrvfmif^f' 
Celi^irinea: ;  North  America.  *  Other  speciei.  Dott :  3  to  4  Gn.  i^*' 
diachm). 

Extraetum  Euenymi  (U.S.P.). — Doit:  0.I  to  0.3  Gm.  (2  to  J  f*"*^ 

*  Elixir  £.,  ii.V'.~\^%.     Omr :  1 5  c.c.  ("^  ounce). 

*  Euonymm. — Dtne :  0.03  tn  0.2  Gm.  ()^  to  3  grains). 
Kuonymuft  preparations  are  used  as  purgatives. 

*  Noi..fflciaI. 

The  most  impi>rtant  preparalioQS  are  maiked  ■*«• 
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DIURETICS 
(r  f.,  memsurea  which  increase  the  quantity  of  urine). 

Allbough  tbe  true  diuretics  are,  more  strictly  speaking,  Icxrally  actinj;  drugs 
and  bcluug  in  I'nrt  H,  the  secretion  of  urine  is  so  iiitiinnlely  connected  with  the 
ciirulalion  tlmt  the  subject  can  perhaps  b«  l»esi  siudieil  in  this  connection. 

No  cieur  idea  nf  the  manner  nf  action  nf  rliuretics  can  he  fnrraed  unLes4  orw 
holds  a  dflimte  theory  nn  the  s^ibjecl  of  urine  gecretion.  Wlnlst  physiolo- 
gists are  by  nu  means  ajjreed  U[)Ou  the  rvtalive  imputtiuice  of  the  diflerent 
bclon  involved  in  the  process,  M-e  ihall  dn  well  In  arrept  a  wnrlcing  theory, 
which  (its  in  with  the  principal  facts  of  pbamiacolog;'  and  mihology.  even  if 
it  doe\  not  rr<>l  n[xm  fiiutl  and  definite  pitKif,  and  may  need  to  be  materially 
altered  as  more  light  k  thrown  nn  the  subject. 

Such  a  theory  is  tlic  following  ; 

r.  The  water  of  tlie  urine,  anU  tlie  f;reater  part  of  its  con- 
stituents, are  filtered  throuj^h  the  endothelium  of  Howman's 
capsule.  Even  here  its  constitution  is  not  the  same  as  that 
of  serum,  since  certain  substances,  notibly  salts,  filter  much 
more  readily  than  others,  especially  protetds.  Whilst  poor 
in  proteids,  this  urine  will  have  practically  the  same  /o/a/ 
salt  content  as  the  serimi. 

2.  On  account  of  tlic  coniplicatod  course  of  the  renal 
tubules,  the  urine  sojourns  in  them  for  a  long  time,  and 
comes  int'i  contact  with  a  very  cMcnsive  surface  of  deep 
epithelial  cells.  These  possess  an  absorbing  and  secretory 
faculty,  absorbing  from  the  urine  water  and  such  substances 
as  are  of  use  to  the  organism  ;  and  secreting  into  it  urea  and 
uric  acid.  The  urine  will  therefore  become  more  ccmcen- 
trated  ;  lose  any  proteids  and  sugar  which  it  contains  ;  alter 
the  ratio  of  its  salts ;  and  acquire  urea.* 

The  less  time  the  urine  remains  in  contact  with  this  epi- 
tlicliiim,  the  less  will  be  these  changes.  The  urine  of  a 
free  diuresis  is  notably  more  rich  in  water,  and  consequently 
of  low  specific  gravity.  The  ratio  of  inorganic  salts  to  urea 
will  be  greater.  The  acidity,  total  as  well  as  relative,  will 
I  be  less. 

*  The  cooceotraiioo  of  the  urine  in  tbe  renal  hibttlef  may  be  demonMnited 
as  follows  :  By  injecting  egg  albumen  into  tbe  veins  of  an  animal,  following 
dm  tn  half  an  hour  by  a  St»l(iti<>fi  u(  pot.x^'^tuin  fctrtxryanid,  excising  the  kid- 
BC]n  and  hanlrning  thin  pieces  in  iron-cumniniii)'  nla>hol,  the  lernicyiinid  is 
retained  /n  sifu  by  the  coagulation  of  the  albuminous  urine  of  the  tubules,  and 
i*  piettpitain)  as  refractive  granules  by  the  iron.  It  can  be  M:en  oil  niicro' 
tcM)Ht!  exsminafkm  that  these  grannies  are  more  clowly  packed  in  the  lumen 
'  of  tbe  excretory  ducts  ihaa  in  the  convoluted  tubule.^  or  in  Bowman's  cap~ 
sutc,  iu  both  of  which  they  may  be  discernctl.  No  granules  arc  seen  in  the 
bodies  of  any  of  the  i:elU. 
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Ihc  measures  producing  diuresis   may  be  grouped 
under  three  headings  ;  they  may  act : 

1.  Through  changes  in  the  circulation  ; 

2.  By  aUcriiifif  the  composition  of  the  blood ; 

3.  Uy  direct  stimulation  of  tlie  kidney  cells. 


I.  EFFECT  OF  CIRCULATION  ON  URINE  SECRETION. 

Like  all  secretory  processes,  the  rapidity  of  the  urine 
secretion  varies  with  the  activity  of  the  circulation  in  the 
yland.  But  the  etTect  of  the  circulation  on  the  uriiie  is  par- 
ticularl)*  lartje.  because  this  is  more  dependent  upon  filtra- 
tion than  any  of  the  ordmaiy  secretory  processes.' 

<_^her  things  being  equal,  the  rapidity  of  filtration  wnll 
vary  with  the  difference  between  the  pressure  of  the  liquida 
on  both  sides  of  the  filtering  membrane.  The  filtcriiig 
membrane  in  the  present  case  is  f.^rmcd  by  the  glomerular 
endothelium.  On  one  side  is  the  pressure  of  the  urine— 
practically  zero  ;  on  the  other,  the  capillary  pressure,  wliich 
can  be  varied.  The  filtration  of  urine,  then,  is,  within  a-r- 
tain  limits,  proportional  to  the  pressure  in  the  capillaries  of 
the  glomeruli.     This  pressure  can  be  increased  : 

1.  By  increasing  the  general  blood  pressure}  without 
constricting  the  renal  vessels. 

2.  By  dilating  the  renal  vessels  without  affecting  the  gen- 
eral blood  pressure. 

The  two  are  often  combined  in  the  same  drug.  In  prac- 
tice, no  drug  is  known  which  will  secure  any  of  these 
changes  in  pure  form. 

Theoretically,  (i)  is  obtained  {a)  by  any  drug  whose 
action  consists  purely  in  raising  the  efficiency  of  tlie  heart; 
(^)  by  increasing  the  quantity  of  circulating  fluid. 

(a)  Of  i/ru^s  u'hkh  inrrfosf  the  output  of  the  heart.  Digi- 
tals holds  the  first  place  in  practice,  and  its  group  is  the 
only  one  which  can  l.)e  used  in  practice. 

It  must  be  remembered,  however,  that  ihe  actionof  digitalis  is  not  on  the 
heart  alone,  but  that  il  also  coivstricts  the  pcripherol  vessels,  and  tbu*e  td  the 
kidney  form  no  exception.  lis  cffccls  arc,  ihcrcfurc,  not  uniform.  With  m*\- 
crate  <U>ses,  the  cnrdtac  nction  will  preiloininalc  in  conditions  in  whicb  the 
beut  hut  been  weakened.  Hence  it  is  always  diuretic  in  heart  disease. 
When  the  circulation  is  normal,  the  two  actions  go  hand  in  hand,  so  thai  it 

'  ir  we  accept  the  tecretory  Iheor)'  of  urine- rormalion  ihii  altera  nodnnf 
in  the  conclusions ;  for  ir  that  case,  instead  of  referring  diuresis  dinecily  id 
litcreased  pressure,  this  would  be  conceived  u  acting  indirectly  by  siimulaliaf 
the  renal  epilbcHuni. 
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acAfccly  influences  the  urine  in  healthy  persons.  With  targe  doses  the  vaxo* 
motor  elfects  pretJominnte,  sod  the  quantity  of  urine  is  diminished.  Iliis 
vasoni<itur  effect  exiMs  tu  a  \es»  degree  in  strophanthus  or  squill!^  and  may  be 
Tcry  largely  cuunlericteij  by  nitrilfK. 

(^)  The  quanMy  of  btood  can  be  increased  directly  by  the 
administration  of  water  ;  indirectly  by  the  administration  of 
salts,  or  other  soluble  substanct:s,  which  witlidraw  it  from 
the  tissues  (see  salt  action  ;  Chap.  XXIV,  A). 

Although  it  is  well  known  thai  the  arterial  prc5!iUTe  cannot  be  altered  fur 
Uiy  length  of  linic  even  by  the  inltavi^mnis  injcciion  of  conHiderahlc  quantities 
of  fluid,  this  is  by  no  means  the  c.tm;  with  Ihc  capillary  pressure  ;  (he  equally 
of  the  fonuer  it  insured  precisely  by  tbe  rise  of  the  latter,  and  the  kidneys 
liiow  ibb  very  prumincatly. 

The  administration  of  salts  in  such  concentration  as  to 
draw  water  trom  the  tissues  presents  such  practical  difficul- 
ties as  to  be  unavailable.  The  administration  of  water,  on 
the  other  hand,  is  one  of  the  most  useful  diuretic  measures 
for  certain  purposes. 

l^rgv  quantities  of  water  have  a  tendency  to  produce  nausea,  which  can 
be  IcMcucd  tf  it  is  given  in  the  shape  of  lemooKde,  ctr  of  hot  teosi. 

3.  A  dilatation  of  the  renal  vessels  may  be  obtained 
by  any  of  the  usual  vasodilators,  the  nitrites  being  espe- 
cially efficient.  However,  their  administration  may  lead  to 
such  a  fall  of  the  general  blood  pressure  as  to  counteract 
their  effects  on  the  renal  vessels.  Their  action  on  urine  is 
consequently  by  no  means  uniform.  However,  they  are 
extremely  useful  as  additions  to  other  diuretics,  such  as 
digitalis  or  cafTein.  which  tend  to  constrict  the  renal  vessels. 

II.  ALTERATIONS  IN  THE  COMPOSITION  OF  THE  BUK)D. 

This  subject  is  more  thoroughly  discussed  in  Chapter 
XXIV,  A.  It  may  be  said  now  that  the  blood  and  tissues 
tend  to  pass  into  the  urine  any  constituent  which  is  abnor- 
nml,  either  in  quality  or  quantity;  and  that,  through  salt 
action,  this  will  carrj'  with  it  an  amount  of  water  and  of 
the  normal  constituent  roughly  proportional  to  the  number 
of  abnormal  molecules  which  arc  removed. 

Whilst  any  substance  which  is  not  too  toxic  will  secure 
this  end  if  injected  intravenously,  the  substances  which  can 
be  used  in  practice  are  the  following  : 

Inorganic  Acid,   in   dilute  form :  As  much  of  a  dilute 

.ution,  in   the  form  of  lemonade,  as  can  be  easily  borne. 


5IO 


DIGITALIS   GROUP. 


CH. 


They  are  quite  irritant  to  both  the  stomach  and  the  kid- 
neys, and  not  to  be  rucoimnciidcd,  unless  an  acid-action  is 
required. 

Ftft'  Aikaius  ami  CarbonaUs :  Tliese  also  render  tlic 
urine  alkaline.  Tlicy  interfere  with  digestion  to  such  an 
extent  that  they  are  replaced  by 

Vej^t-taffif  Acids  and  thar  Salts:  These  have  very  little 
action  on  the  stomach,  but  are  converted  into  carbonates 
in  the  blood,  and  have  an  alkali-action.  Potassium  Ace- 
tah'  is  the  most  useful,  it  is  given  in  doses  of  0.3  to  2 
Gm.,  freely  diluted. 

Inorgiinic  Neutral  Salts  of  Alkalifs :  Common  salt  miy 
be  used  for  tlic  purpose.  Potassium  Nitrate  is  more  effec- 
tive, but  possesses  specific  irritant  qualities. 

Organic  Suhstatucs :  Tlie  most  useful  arc  Urea  (10  to  50 
Gni.)  and  Saccharum  Lactis  (10  to  30  Gm.).  both  faxly 
diluted.  Most  other  organic  substances  either  exert  a 
specific  irritant  action,  or  are  excreted  unchanged. 

Most  salts  also  possess  an  irritant  action,  so  that  this 
group  cannot  be  separated  sharply  from  the  following. 


rn.   DIRECT  STIMULATIOX  OF  THE  KIDNEY  CELL& 

The  purest  example  of  this  type  is  Cafft-iu,  or  more  par- 
ticularly Thcobromin.  These  produce  diuresis  without  any 
irritant  action,  whereas  with  most  of  the  other  "direct" 
diuretics,  the  action  is  more  in  the  way  of  an  irritabon:  if 
pushed  beyond  a  certain  point,  they. cause  nephritis.  It  is 
not  known  on  what  part  of  the  kidney  the  action  of  cafiein 
is  exerted.  It  .sometimes,  but  not  always,  causes  a  dilata- 
tion of  the  arterioles,  preceding  the  diuresis.  Caffein  may 
be  given  in  tlic  form  of  tea ;  or  as  the  caffein  citrate  (o-2 
Gm.)  combined  with  chloral  (0.5  Gm.)  or  Nitroglycerin  (l 
drop  of  the  spirits).  Diurvtitt  (t  Gm.)  deserves  the  prefer- 
ence.     (See  p.  1 84.) 

AlleratwHt  tM  tht  ctunpoulioM  of  the  hlpoti-^.e  ,  the  inlmductiOD  of  ■By 
foreign   subsunce — act   lai^ely   by  stimulnung   the    rrnal    rpithrltum.     This 
sdmuUlion  is  Decp%<ury  in  order  thai  an  incmse  of  the  (juanliiynf  hicnrf 
produce  (liuresi».     Incnmse  f3i  the  vnlume  of  blood  by  irsnsftuion   fi 
animal  of  the  uroe  species  does  aol  increase  ihe  flow  of  arinc. 


The  other  specific  diuretics  are,  as  has  been  said, 
tants.     In  the  doses  in  which  they  arc  used,  they  can  ne\er 
start  a  nephritis  ;  but  when  such  exists,  they  are  contrain- 
dicated. 
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Numerous  groups  may  be  recognized  : 

/.   Essentuil  Oils. — Sec  Chapter  XXIX. 

2.  Hydrocarbons :  Acohol.  Urcthaiic,  Urotropin,  etc. 
These  are  remarkable  in  tliat  the  irritant  principle  is  not 
excreted  by  the  kidneys. 

J.  Absorbable  Mcials :  Esi>ccially  Calomel. 

4.  Aromatic  Scries. — All  the  members  of  the  series  are 
diuretic,  and  this  is  commonly  encountered  as  a  side-action  ; 
it  can  be  used  practically  in  only  a  kw  instances,  as  with 
Uva  Ursi  (see  p.  387). 

5.  G/ucostds :  These  are  closely  related  to  the  aromatic 
series.      Here  belong  : 

Broom  Tops  (Scoparius).  These  owe  their  diuretic 
action  to  Sco(>arin.  The  alkaloid  Spartcin  (sec  |i.  392)  does 
not  contribute  to  it  Oosc  of  Scoparius  (J''xtractum  Sco- 
parrii  Fluidum) :   i.oto4.oc.c. 

Asparagus  tops  seem  to  act  similarly.  They  arc  given  in  4 
CO.  doses  of  the  fluid  extract 

Unless  the  desired  object  is  the  removal  of  liquid,  the 
diuretics  arc  best  given  in  the  form  of  infusions,  the  water 
materially  supporting  their  action.  Aiiil  it  may  be  .s;ijd  that 
in  gencnil  a  combination  of  diuretics  acting  in  different  ways 
is  more  efficient  than  any  one  employed  alone. 

Besides  the  quantity  of  urine,  the  individual  constituents 
may  also  be  influenced  :  thus,  it  may  be  made  more  add  or 
alkaline.  Changes  in  the  nitrogenous  constituents  belong 
under  the  heading  of  metabolism,  while  changes  in  the  salts 
arc  of  no  grcitt  importance,  as  far  as  we  know  at  present. 

The  indications  for  diuretics  are  as  follows  : 

1.  The  rcf/UK'ai  of  /iquui  from  the  body,  in  the  various 
forms  of  dropsy.  In  this  case  it  is  well  to  employ  them 
with  as  little  fluid  as  pos.sible. 

If  the  dropsy  is  of  cardiac  ori^n  drugs  of  the  digitalis 
series,  combined  if  necessary  with  nitroglycerin,  are  the 
most  efficient  diuretics,  and  salts  may  also  be  added.  If  it 
is  of  metabolic  origin,  benefits  may  follow  .salts  or  arsenic. 
If.  howe^-er.  it  is  of  rcnai  origin,  diuretics  should  be  avoided 
altogether,  and  recourse  should  be  had  to  diaphoresis  (see 
p.  301). 

2.  To  remo7'e  toxic  substances  from  the  organism,  whether 
these  have  been  introduced  from  without  or  fonned  within  the 
body,  a  free  supply  of  water,  in  the  form  of  infusions,  sup- 
ported b>'  the  irritants,  salts,  or  theobromin,  fulfils  the  indi- 
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cation.  The  hypodermic  injection  of  lar^e  amounts  of 
normal  salt  solution  is  a  most  effective  method.  Irritants 
must  be  avoided  if  the  kidneys  are  inflamed,  or  U  the 
poison  is  itself  irritant. 

3.  To  dilute  Iht  taint' :  This  may  be  useful  («)  to  render 
it  less  irnbmt  to  the  urinary  passages  in  nephritis  or  inflam- 
mation  of  tl)e  bladder  or  urethra ;  it  also  serves  a  useful 
purpose  in  frequently  wasliinj^  out  the  pus  and  bacteria. 

(if)  To  prevent  the  formation  of  calculi,  or  to  remove 
concretions  formed  in  tlic  urinary  tubules  (as  in  oxalate- 
poisoning). 

[c)  To  dilute  irritant  poisons,  whose  action  on  the  kidneys 
is  proportional  to  their  concentration. 

For  the  dilution  of  the  urine,  water  supported  by  thco- 
bromin  is  of  the  greatest  service. 


I 
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CHAl'TKR    XXIII. 

ERGOT  AND  SAPOTOXIN  GROUPS;  SUMMARY  OF 
TREATMENT   OF   COUGH. 


(A)  ERGOT  GROUP.* 

I.  THE  COMPOSITION  OF  ERGOT. 
The  composition  of  ergot  is  still  less  known  than  tliatof 
digitalis.  The  statements  of  different  investigators  are  qui'^ 
contradictory,  owing  perhaps  to  the  ready  decomposition  ol 
its  principles.  Nor  do  these  have  any  well-marked  chcniif 
properties  which  would  aid  in  separating  them.  They  art 
not  crystalli/^ible  and  do  not  possess  any  cliaractcristic  re- 
actions ;  so  that  it  may  be  doubted  whether  they  have  ^^ 
been  isolated  in  pure  condition. 

The  5tnteinen(5  up  ton  few  ycftn  ago  were  all  bnsct)  t>n  the  wnrV  of  Kobffl 
Kabrrt  claimed  lliree  active  Nubstances:  (I)  fr^^i^tintf  /leiJ  {r.  l/rttttnu  d<^\' 
which  IS  a  nitr(>t;erK>us  glucostd  possessing  an  lurliun  similar  to  thai  of  tf* 
toxin;  fa)  an  alkftloid  t&rnufm,  which  nas  a  convulsive  action  naHlf  I" 
picrutuxin  ;  (3)  ■  re^inouH  non-nitrc^enoiu  principle,  sf^kafelimit  aciJ 

'  The  inlmdiiction  or  KtEol  jnln  Therapeutics  tinpran  of  fairly  recml  ditt 
The  first  mention  of  its  use  is  found  in  the  ualcentb  ccntnry. 
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The  most  recent  reliable  work  on  this  subject  has  been 
done  by  Jacoby.  He  bears  out  Kobert  in  some  of  his  re- 
sults, but  goes  considerably  further.  Jacoby  accepts  the 
ergotinic  acid  and  the  cornutin,  but  it  would  seem  that  this 
comutin  is  a  mixture  of  alkaloids.  Jacoby  also  found  an- 
other alkaloid,  secalin,  which  in  itself  is  inactive.  The 
sphacelinic  acid  of  Kobert  is  found  to  be  a  mixture.  He 
isolated  from  it  two  elementary  principles  :  sphacelotoxin  and 
ergochrysin.  These  do  not  exist  in  the  drug  in  a  free  state. 
The  sphacelotoxin  exists  combined  with  ergochrysin  as 
"  Chrysotoxin  ";  with  secalin,  as  "  Secalintoxin."  The  fol- 
lowing table  will  serve  to  make  clear  our  present  knowledge 
of  the  Ergot  principles  : 

COMPOSITION  OF  ERGOT. 

(Inactive  in  brackets.) 


z2 


K  3  O 

ill 

otn 


C  >  w 


P 


KOBBRT. 


Ergotinic  Acid  :  * 
nitrogenoas    glu- 

cosid.    Sapotoxin 

action. 


Jacoby. 


Prima  ryConstituent. 


Accepted. 


Comyiin  :  • 

alkaloid  (A  convul- 
sant  action  (prob- 
ably not  a  single 
snl»tance). 


SphaeeUnic  Acid: 
N-ftee  reunousmiz- 
tore  with  gangrene 
action  (is  a  mix- 
ture of  the  active 
substances  of 
Jacoby). 


Accepted. 
\_Secalin,  inactive.] 


Jacoby. 


Loose  Compoundt. 


Sphacelotoxin  :     N-    Chryso- 
free     resin,     real     toxin 
active     gangrene     active. 
substance.  I 


iEi^ochry- 
sin      -f- 
Sphacelo* 
toxin. 


\_Ergochryiin :  N-  Secalin  jSphocelo- 
free  inactive  toxin  ■  toxin  -f- 
resin.]  ;     active.  jSecalin. 


These  principles  are  extremely  readily  decomposed.  The 
activity  of  ci^ot  may  be  entirely  lost  after  a  few  months' 
keeping ;  one  year  is  stated  to  be  the  length  of  time  during 
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wliich  it  is  possible  to  preserve  the  full  activity  of  the  plant 
Just  what  is  contained  in  the  ordinary  (xtracts  of  ergot  o( 
the  market  is  something  which  it  is  impossible  to  say ;  ■ 
qualitatively  they  agree  in  their  action  with  the  fresh  plant; 
quantitatively,  Iiowcvlt,  there  arc  extremely  great  varia- 
tions, which  cannot  be  determined  by  any  chemic  assay. 
The  test  on  animals  (cock's  comb)  is  the  only  method  which  _ 
furnishes  an  idea  o(  the  activity  of  the  ergot  preparations.  I 
A  glance  at  the  table  will  show  that  Krgot  contains  Mw^ 
c/assrs  of  ptimiples  of  entirely  tlifierent  actions  :  The  nitro- 
genous gliicosid  principles  with  sapotoxm  action  ;  the  alka- 
loid having  a  picrotoxin  action  ;  and  the  nitrc^en-frcc  rcsifts. 
sphacelotrtxin  antl  its  combinations,  with  il  gangrent  acttan. 
It  will  be  necessary  to  study  each  action  separately  before 
it  is  possible  to  appreciate  the  effects  obtained  from  the 
entire  drug. 

n.  ACTION  OF  SPHACELOTOXm  GROUP. 

The  action  of  tlie  sphacelotoxin  group  consists  :  (i)  bii 
con.striction  of  uiistriped  muscle,  especially  of  tlie  blood- 
vessels ;  (2)  in  a  primarj'  paralysis  of  the  central  nervous 
system.  The  cause  of  tlie  cotistriction  of  the  unstnpcd  ttms- 
cle  seems  to  be  both  central  and  peripheral.  It  is  shown 
most  tonsfiicuously  in  a  tonic  spasm  of  the  arterioles,  lead- 
ing to  a  rise  of  blood  pressure.  This  rise  of  blood  pressure 
occurs  in  all  animals.  The  spasm  is  extremely  prolangeii 
and  quite  violent ;  in  snme  animals — including  man.  the 
pig.  and  the  chicken — this  constriction  is  so  violent  in  joik 
of  the  blood-vessels  that  it  produces  a  stasis  of  the  Wood 
stream  with  coagulation  and  hyaline  thromboas,  and.  2S 
a  consequence  of  this,  gangrene.  This  action  is  found  only 
in  the  animals  mentioned.  The  reason  for  this  is  probably 
to  be  sought  in  some  difference  in  the  anatomic  structurt 
of  the  blood-vessels.  Possibly  the  capillaries  arc  somewM 
wider,  or  they  arc  not  under  the  same  nen'-ous  conO"'- 
There  certainly  mu.st  be  the  same  kind  of  constriction, 
because  the  blood  pressure  rises  in  all  animals.  This  ga"" 
grene  action  is  perfectly  typical  of  sphacelotoxin  and  isO£< 
produced  to  nearly  the  same  extent  by  any  other  drug,  h 
is  seen  most  typically  on  the  comb  of  the  cock,  where  the 
arrangement  of  the  blood-vessels  appears  peculiarly  suita- 
ble for  stasis. 

An  hour  after  the  administration  of  the  drug  by  the 
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stomach,  or  even  in  shorter  time  if  given  hypodermically. 
tlie  comb  becomes  dark  and  bUie  at  the  tips,  and  may  Anally 
slough  off.  Sometimes  it  bleaches  instead  of  darkening.^ 
Thtr  wattles  are  less  affected.  Not  only  the  comb  is  affected 
in  this  manner,  but  in  some  cases  also  the  extremities.  In  one 
recorded  experiment  the  whole  wing  fell  off  after  a  few  days 
without  bleeding.  These  gangrene  actions  begin,  of  course, 
at  the  most  distal  portions,  whoie  the  circulation  is  ^^•eakest. 
Similar  changes  occur  in  the  comb  if  it  is  frozen  ;  also  as 
the  result  of  very  lar^e  hypodermic  doses  of  Cane-sugar, 
Piperazin,  or  Chromic  Add.  All  these  produce  deep 
changes  in  the  circulation.  Other  birds  have  not  been 
investigated  sufficiently.  In  Hogs  the  changes  consist 
usually  in  pustular  eruptions  on  the  skin,  especially  on  the 
tips  of  the  ears.  Man  is  verj*  much  subject  to  tliis  action. 
The  effect,  of  course,  begins  in  the  extreniities  and  may 
lead  to  sloughing  off  of  fingers  or  even  of  an  entire  mem- 
ber. This  gangrene  is  exactl>'  analogous  to  gangrene  pro- 
duced in  any  other  manner.  It  ma)*  be  wet  or  drj'  accord- 
ing to  whether  or  not  liquefying  bacteria  are  present. 

The  some  stasis  is  found  in  the  vessels  of  the  alimintary 
tract.  It  leads  here  to  irritation,  and  in  ver>'  advanced 
Stages  to  ecchymosis.  ulcer  formation,  etc.  The  ulcers  in- 
volve particularly  the  lympli  follicles,  in  which  the  blood 
supply  is  poorest  The  stasi.s  may  lead  to  effusion  of  blood 
into  the  lumen  of  the  intestine.  The  irritation  combines 
tvith  the  direct  muscular  action  of  the  ergot  to  produce 
violent  vomiting  and  peristalsis.  This  action  on  the  ali- 
mentary'' camil  is  also  most  marked  in  the  animals  men- 
tioned, but  occurs  in  others. 

The  muscular  action  is  also  shown  in  all  animals  by  ton- 
^^actiift  of  the  pregnant  uterus.  This  contraction  is  peristal- 
tic in  the  milder  stages  of  ci^ot  action,  and  if  the  proper  dose 
has  been  given,  it  will  lead  to  the  expulsion  of  the  fetus  in 
tiic  normal  manner  without  injury  to  either  mother  or  fetus. 
and  this  at  quite  an  early  stage  of  pregnancy.     In  large 

OSes  it  may  produce  a  tetanic  spasm,  a  systolic  tetanus, 
of  tlie  uterus,  which  may  even  prevent  the  expulsion,  and 
may   then    end   in   rupture  of  tlie  viscus.     The  effect  of 

phacelotoxin  upon  the  eentral  nervous  system  consists  in  a 


'  In  k  case  of  Uiis  kind  exainincil  I^  tht  tuthor.  ihc  larger  artenej  pos- 
irurd  much  thicker  coats  and  Mitallcr  lumens  than  nurmal.  >o  (hat  the  aciioo 
'  ergot  probabljr  resulted  in  a  shulttng-off  of  tbe  arterial  blood-npply. 
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depression  observed  in  all  animals.  This  is  usually  tkt  came 
of  death  in  fatal  doses.  Convulsions  are  sometimes  obserx'cd 
before  death,  but  they  arc  probably  due  to  the  accidental 
admixture  of  some  cornutin,  and  not  to  spliacelotoxin. 

in.  ACTION  OF  CORNUTIN. 

This  consists  mainly  in  a  stimulation  of  the  tntdHiia,  fal' 
Imved  by  paralysis^  after  tlie  manner  of  picrotoxin. 

Although  the  stitnulatioii  is  shown  most  conspicuously 
by  cionic  eonzmisitms,  the  other  niedullar>'  centers — the 
salivary,  vagus,  vomitinjj,  respiratory  (Fig.  82),  and  vaso- 
motor centers — are  also  stinivilatcd. 


rsfvj\r 


IV.  ERGOTINIC  ACID. 


The  ergotinic  acid  has  a  typical  sapotoxin  action.  Taken 
by  the  mouth  it  produces  no  eflfects  beyond  hcai  irritatu>% 
as  sapotoxins  are  not  absorbed.  If  injected  subcutaiicuusl)' 
or  intravenously,  it  will  produce  paralysis  of  the  central 
nervous  system  and  of  protoplasm  generally. 

V.  EFFECTS  OF  COMBINED  ERGOT  PRlNCirLES. 
We  are  now  in  a  position  to  study  the  effects  of  the  1 
bined  ergot  principles,  and  tliese  can  perhaps  be  best 
served  in  chroQic  poisoning  in  man. 

Tfats  chronic  poisoning  by  ci^l,  **  erotism,"  was  fbrmerly  very  froqat^ 
enderaicaHy  in  consequence  of  ihe  presence  of  ergot  in  flour.  Ergoi  isa  h»||* 
which  grows  upon  rje  ;  oml  if  special  prccautiuns  ore  not  taken  to  dettroy  '*% 
it  is  very  apt  to  become  mixed  with  ihe  gniin  in  ihte^ing  and  i»  i^nniod  t>P 
with  the  floor.  In  this  way  the  pnpulntion  of  large  tracts  of  country  H*** 
been  poisooed.  Since  the  cause  has  been  recognized  the«e  epidemics  tun 
beco  less  fteqTicnt,  but  in  Rauia  they  still  play  tfutte  an  hnponant  rAlc 


I 


?tg.  82. — Ergot  on  re^iratkui,  rabbit  (Lever  metliod).     Actioo  begin*  at  X> 

Consequently  there  is  a  rise  of  blood  pressure  with  comu-    I 
tin  as  well  as  with  sphacelotoxtn.      A  second  action  of  cor- 
nutin is  upon  tlic  skdi'tal  muscle  of  the  frog.     This  resem- 
bles veratrin.     But  it  has  no  action  on  the  heart. 
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The  importance  of  this  ergotism  from  our  standpoint 
lies  in  the  fact  that  it  allows  us  to  study  the  action  of 
ei^ot  The  effects  of  overdoses  of  ergot  are  exactly  the 
SAtnc  as  those  seen  in  chronic  ergot-poisoning. 

This  chronic  ergot-poisoning  may  take  very  different  forms 
— forms  which,  upon  superficial  examination,  bear  almost 
no  resemblance  to  one  another.  Tliey  were  at  one  time 
classed  as  separate  diseases.  The  dilTercnce  is  explained 
very  readily  when  the  diflerent  actions  of  the  constituents 
of  ergot  arc  taken  into  account,  anil  tlic  fact  that  tiiey  may 
act  partly  on  the  blood-vessels  and  partly  directly  on  the 
central  nervous  system.  Changes  which  depend  upon  the 
circulation  may  occur  almost  anywhere  in  the  body;  they 
may  appear  first  in  one  part,  and  later  on  in  another,  and 
this  without  definite  order.  The  symptoms  will  be  corre- 
spondingly variable.  The  initial  stage  is  practically  the 
same  for  all  the  different  forms  of  ergi»t-pot.soning.  F"rom 
this  initial  stage  two  principal  forms  diverge  :  the  convul- 
sive form  and  the  gangrenous  form.  Toward  the  end  the 
symptoms  again  become  similar  in  both  forms. 

The  initial  stage  is  ushered  in  by  dhturbance  of  the 
peripheral  sensory  apparatus.  There  \s  forjmcation  in  the 
skin  and  various  other  tlisturbances  of  cutaneous  sensation. 
Hyperesthesia  and  anesthesia  exist  at  the  same  time  in  differ- 
ent parts,  or  even  in  the  same  part,  the  skin  being  hyperes- 
thetic  to  some  forms  of  stimulation  and  anesthetic  to  other 
forms 

These  disturbances  of  sensation  begin  at  the  extremities 
and  spread  upward.  This  distribution  favors  the  view  that 
they  arc  manifestations  of  changt-.s  in  the  circulation,  since 
these  would  make  themselves  felt  first  of  all  in  tlie  extremi- 
ties. The  disturbance  in  sensations  also  involves  the  ali- 
mentary canal.  There  is  apt  to  be  at  once  voracious 
hunger  and  loss  of  appetite.  Digestion  is  much  impaired  on 
account  of  the  disturbed  circulation.  Diarrhea  and  vomit- 
ing are  very  common.  The  vomiting  is  |>artly  due  to  the 
disturbed  circulation  and  partly  tn  the  action  of  the  cornutin 
on  the  center.  The  central  sensor>'  apparatus  also  shows 
changes  at  this  time.  There  is  violent  and  persistent  head- 
arhf  and  central  disturbances  of  the  special  senses.  The 
motor  system  also  begins  to  show  abnormal  symptoms. 
such  as  timtchings  and  tremors,  most  marked  in  the  ex- 
tremities and  in  the  tongue. 
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In  all  these  effects  of  eryot  it  is  extremely  difficult  to  say 
to  what  extent  the  phenomena  are  caused  by  the  central, 
and  to  what  extent  by  peripheraj,  actions.  They  are  all 
largely  dependent  on  disturbances  in  circulation,  and  these 
may  in  some  cases  be  more  prominent  in  the  central  ner- 
vous system  ;  in  others,  peripherally. 

At  this  point  the  sensor)''  symptoms  have  reached  their 
acme,  and  tio  not  become  any  worse,  but  persist  as  they 
have  been  described.  I5ut  the  motor  phenomena  go  on  in- 
creasing ;  tile  twitching.s  pass  into  spasms,  and  then  into 
permanent  and  often  ver>'  painful  contractures.  Always 
beginning  at  the  extremities,  they  involve  the  terminal  pha- 
langes of  the  fingers  and  ascend  to  the  other  joints.  The 
facial  musclcsalso  participate.  The  type  of  these  contractures 
shows  that  their  origin  is  central.  They  are  not  absolutely 
persistent,  but  last  for  about  half  an  hour ;  then  pass  off 
for  a  time,  and  leappear.  This  is  ver>'  different  from  spa.snis 
of  penplieral  origin,  such  as  those  of  Icad-poi.sonmg,  The 
smooth  muscles  may  also  participate  in  these  contrac- 
tures ;  u.s|H:n;il!y  th;it  of  the  bladiler ;  so  that  there  may  be 
involuntar)'  evacuation  of  the  urine,  tincsmus,  etc. 

The  pulse  is  ahvays  hard  and  small,  pointing  to  a  high 
blnod  pressure.  Its  frequency,  however,  is  variable.  It  is 
usually  sl(n\',  clue  probably  tlirectly  to  the  high  pressure 
and  to  the  cornutin  action. 

So  far  the  sj-mptoms,  the  initial  stage,  are  common  to 
all  the  different  forms  of  ergotism  ;  they  can  be  accounted 
for  parti)'  by  the  change  in  the  circulation  and  partly  bj' 
the  direct  actioiv  of  the  ergot  principles  themselves.  In 
the  second  stage  the  circulator)-  disturbances  become  more 
marked.  The  phenomena  already  seen — the  disturbances 
of  sensation  and  tlie  contractures — persist ;  but  to  these  art 
added  sccondar\'  effects  due  to  the  prolonged  slowing  <i\ 
the  circulation.  These  may  be  most  marked  in  the  central 
neivous  system  or  in  the  extremities.  The  former  gi\'e  rise 
to  the  so-called  spasmodic  form  of  ergotism.  The  predomi- 
nance of  stasi.s  in  the  extremities  produces  the  gangrenous 
form. 

Wliy  one  action  should  predominate  in  some  individuals, 
and  another  action  in  others,  cannot  be  explained.  Perhaps 
there  may  be  some  differences  in  the  anatomic  arrangement 
of  the  blood-vessels  or  extent  of  the  innervation. 

(A)  The  gangrenous  form  ma>-  have  been  indicated  some* 
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what  earlier.  Pustules  may  have  formed  in  the  skin,  which 
are  due  to  this  defect  of  circulation.  In  more  marked 
degrees  it  a/Tects  the  extremities.  The  entire  member  may 
involved  in  the  gangrene,  which  dififers  in  nn  respect 
from  any  other  gangrene;  it  has  its  line  of  demarcation, 
and  may  be  wet  or  dry  according  to  bacterial  infection. 
The  finger,  toe,  or  limb  may  slnugh  away  without  bleeding. 
'  (B)  In  the  spasmodic  form  tiie  contractures  pass  into 
A>«;ir  and  clonic  cottxfu/sions  or  epiU'ptiftynn  spasms.  Since 
any  part  of  the  central  nervous  system  may  be  affected, 
the  exact  symptoms  may  be  extremely  variable.  It  may 
be  repeated  that  they  arc  due  to  a  defective  circulation  in 
the  central  nervous  system,  which  leads  to  stimulation  and 
then  to  paralysis.  Both  forms,  the  gangrenous  as  well  as 
the  spasmodic,  are  therefore  due  to  clianges  in  circulation, 
and  are  determined  by  the  sphacelotoxin  and  its  compounds, 
the  comutin  taking  no  part.  The  continued  administration 
of  comutin  dues  not  produce  in  any  animal  symptoms  re- 
sembling ei^otism. 

In  acute  ergot-poisoning — /.  c,  where  an  overdose  has 
been  taken — the  symptoms  resemble  very  closely  those 
produced  by  chronic  ergotism,  with  tlie  exception  that 
they  follow  each  other  much  more  rapidly.  In  the  acute 
"orm  it  is,  of  course,  possible,  and  in  fact  likely,  that  the 

rnutin  plays  a  part  in  the  production  of  the  convulsions. 

The  treatment  of  ergot-poisoning  cannot  be  anytliing 
but  symptomatic. 

I  VI.   THERAPEUTICS. 

'  I.  The  most  important  property'  is  the  effect  upon  the 
pregnant  uterus ;  that  is  to  say,  the  setting-up  of  the 
peristaltic  waves,  and  later  on,  of  tetanic  contraction.  Tiiis 
has  led  to  its  use  to  produce  ahorlion.  The  dose  required 
is  quite  large,  however ;  and  on  account  of  the  uncertainty 
of  ergot  preparations,  it  is  a  very  dangerous  drug  for  this 
purpose.  The  action  on  the  uteius  may  be  too  strong  and 
it  may  produce  rupture ;  or  it  may  lead  to  symptoms  of 
genera!  poisoning. 

It  lias  been  recommended  in  delivery  at  term.  In  tliis 
case  the  required  dose  is  much  smaller,  and  consequently 
it  can  be  used  much  more  safely.  Howe\'er.  it  seems  tliat 
the  temptation  to  give  large  doses  is  still  too  strong,  and 

.whenever  it  is  used  in  the  early  stages  of  labor  it  is  apt  to 
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put  the  uterus  into  tonic  contraction.  It  is  not  possible  to 
say  at  present  whether  this  is  due  to  a  specific  eficct  of 
ergot  on  the  Iiunian  uterus  or  whctlier  too  lar^c  doses  arc 
always  employed.  The  tonic  contraction  of  the  uterus  at 
this  time  may  actually  interfere  with  the  delivery  of  the 
fetus ;  and  it  may  also  produce  asphyxia  of  tlic  child  by 
too  strong  contraction  of  the  uterine  vessels,  or  pressurr  on 
the  cord.  If  it  is  used  at  all  in  this  sta^c,  tlie  dose  raust 
be  small.      This  is  very  important  to  remember. 

The  princiixU  use  of  er^jot  is  to  stop  postpartum  hem- 
orrhage. It  is  ^ivcn  here  at  such  a  time  that  its  uitiiti  action 
will  appear  after  the  [ilacenta  is  deltveretl.  If  the  hemor- 
rhage is  very  large  and  a  quick  action  is  desired,  it  may 
be  injected  Into  the  gluteal  muscles.  It  acts  by  contracting 
the  vessels,  and  still  more  by  producing  rapid  contraction  of 
the  uterine  muscle,  in  this  way  obliterating  the  open  sinuses, 

It  has  been  attempted  to  obtain  ergot  preparations  which 
are  more  stable  and  more  ccitain  in  their  results  than  the 
ordinary  extracts.  Chrysotoxin  (the  combination  of  Kr- 
gochrysin  and  Sphacelotoxin)  has  been  suggested,  siiic-r 
it  keeps  for  years  without  decomposition.  Hut  so  far  it 
has  not  been  put  upon  the  market,  probably  because  tfic 
yield  is  quite  smalt. 

2.  Tki-  action  upon  other  blood-vessels  has  also  been  use<l 
The  rise  of  blood prissurc  wouhi  be  indicated  in  cases  of  low 
blood  pressure,  as  in  shock.  Hut  ergot  is  not  as  useful  a^ 
stiychnin,  since  shock  is  only  a  temporary  condition, 
whereas  the  action  of  ergot  is  lasting  and  sets  in  much 
too  slowlj'. 

This  more  prolonged  rise  of  blood  pressure  has  been 
considered  of  value  in  stopping  hemorrhage  in  inaccessible 
situations. 

Tlie  diflTiciilt)'  is  tliAl  the  conlraclion  is  not  confined  to  llie  bleetling  tcmtK 
but  extends  to  others,  and  con!«<[Ueatly  incrcft»e»  the  geucnil  bloud  pttMUfC* 
Thi.<>  nuty  be  more  ihftn  enough  in  counicrbaUnce  the  contraclioii  at  the  bleed- 
ing point,  ond  wouirt  then  become  Uannfut.  But  there  is  rva'oii  to  belirrt  iHii 
it  do«»  nut  net  cquallr  U|>on  all  partdi  uf  the  body,  so  that  it  iiiigbl  y\\\\  be  um(s1 
in  certain  Riluationo.  Thiit  hnii  Dot  been  suflficienUy  studied  to  bt>  praetioUy 
available,  except  for  the  uterus. 

The  repuncd  favuniblc  Qffecta  of  ergot  in  aifhmit  may  perhaps  be  aluibiiH4 
to  its  coanteracling  a  pulmonary  vasodilatation. 

VU.  MATERIA   MEDICA. 

Ergota  (U.S.P.,  B.P.]  (fruin  the  French  '*  Ergft,"  a  cnck's  Jporl.— 
{SernU  tomntum.) — A  fuiv^ous  growUi  from  Rye.  Must  be  of  recctw  cslkc- 
tWD. 
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ECSOLICS   AND    EMHENAGOGUES. 


^^Exrractum  Ergotir  jittUum  <U.S.P.)  \Liqui.htm^  B.P.]. — Acidified 
dilute  alcohol.  Dust :  2  \o  \  c.c.  (^  to  I  clrmcJim].  As  yet  toe  most  utis- 
factory  |ireparAlian. 

Etfrtutum  Ergt^fa  (U.S.P.,  B.P.). — Various  picpatations  arc  fouod  oo  ihc 
market  under  the  names  of  **KTEOtin,"  etc.,  but  they  pcssetis  nn  advantage 
over  the  '»fficial  product.     Dose:  o. 2  to  o  6  Urn.  (3  to  lo  grain*). 

Inf^.tio  Ergi-ftT  tiypoiUrmica  (li.P.). — 30%  of  cxtracU  Dtftr :  0.2  I0O.6 
cc  (3  to  10  minims). 

fn/HiHm  E'xo/tr  (B.P.).— 5%.     iV/^;  30  to  60  cc.  (l  to  l  om.). 

TtHttura  Ergoltr  Ammeniaia  (^.V.). — 25,%.  £>oie :  2  to  4  cc  \}i  to  1 
dracbui). 

Two  other  drugs  which,  in  the  ab»ence  nf  more  definite  knowledge,  may 
at  piTMDt  be  counted  under  tJtc  Ergot  Group  a.rc  (*oni  Smut  aiid  Coi(<:)n  Rot>t 
Bsrk 

"  Ustilago  Maydts. — Com  Smut, — A  fungus  nnBlog^HW  lo  Ergot,  found 
on  the  corn-planL  I.ictle  is  knuwu  ab<ntl  its  conipu^tiun  or  action,  aUhxjugb 
it  hat  been  eiiiplnyed  by  ibe  negrutrs  for  alKXtiun,  and  slock- niiM>n  hnvc  iImi 
observt'd  that  it  has  an  ecboHc  cflect.  Kobcrt  states  th«t  it  does  not  produce 
the  et^pM  action  on  Ibe  cock's  ccimb.  He  must  have  worked  wiih  old  saiu- 
plcii,  since  (lie  autboi  oi>Uiiied  the   typitnl   darktiiing  frmii  »evcntt  difTerfiK 

•  sanipteK  However,  the  action  i*  quite  weak,  nwl  tlic  dnig  d«es  not  dcwrve 
mutU  attention  unlo&  it  abuvld  be  possible  to  ivJate  the  principles  in  uiore 
active  form. 

Gossypii  Radtcis  Cortex  (U.S.P.J. — The  rwn-b»rk  of  dmypium  hrrhn- 

»tenm  and  other  »pecies  Malvaccie.  Another  ecbolic  for  which  wc  ore  tudcbted 
lo  the  nct;n>v^  It  i'ont]un>  Mrveral  resins.  Tbe  reports  of  clinicians  and 
rxpenmrnlrrs  arc  not  faTorsible- 

,*,  Etttiutttm  G.  a.  FhitJum  (U.S.P.). — Three* fourths  alcoliol,  oue- 
liTurtli  glycerin.        Vcat ;  3  to  4  cc.  ( *i  to  I  drachm). 


VIII.  ECBOLICS  (OXYTOCICS)  AND  EMMENAGOGUES. 

EcboUcs  arc  remedies  which  stimulate  the  gravid  uterus 
to  the  expulsion  of  the  fetus.  When  used  in  tlie  non-gravid 
condition,  the)'  increase  the  menstrual  flow,  and  are  then 
called  Emuwnagogucs.  Besides  the  Frgot  group,  one  may 
count  here : 

1.  All  drugs  which  produce  congestion  of  the  abdominal 
IS.  This  always  extends  to  the  pelvic  organs  as  well. 
All  Drastic  l^rgatix't'S — Aloes,  M>'rrh,  etc. 

2.  irritant  J  ^/(T///*' (?//j,  especially  Savin,  Thyme,  Penny- 
royal, and  Turpentine. 

3.  All  other  httestiiial  Irritants:  Canlharides,  Quinin, 
Digitalis,  etc.  A  similar  action  is  also  claimed  for  Borax, 
but  may  be  considered  doubtful. 

4.  Application  of  hont  or  counterirritants  to  pelvic  region 
or  feet:  hut  foot-  or  hip-baths,  mustard  planters,  hot  irri- 
gatif^ns  of  the  vagina,  etc.  These  milder  meastircs  are  only 
emmenagogiic.  When  nutrition  is  low.  they  may  be  greatly 
aided  by  tonics. 

•  Xo*  fJficial. 

The  raorf  important  preporaliotis  are  marked  ,*,|, 


523 


ERnnr  c.koui'. 


CH.  xxni. 


It  must  be  remembered  that  these  irritants  produce  their 
ecbolic  effect  only  secondarily  to  a  y astro-enteritis.  The 
latter  may  be  so  violecit  as  to  be  fatal  without  accomplish- 
ing the  desired  result.  They  should  not  be  employed  for 
ecbolics,  but  at  most  as  eiumenagogues. 

II.  All  drujfs  which  stimulate  unstri[x-cl  muscle — Mus- 
carin,  Nicotin,  Ptlocarpiii,  Physostigtnin,  Hydrastis,  etc. — 
may  act  as  ecbolics.  but  cannot  be  used  in  practice. 


IX.  GENERAL  HEMOSTATICS  (STVPTICS) ; 

i.  i.,  Drugs   used  to  arrest  hemorrhage  in   situations  not 
accessible  to  local  medication. 

The  /oca/  styptics  arc  of  fto  va/ut'  when  given  by  mouth 
or  hypodemiically,  but  only  when  applied  directly  to  tlic 
bleeding  point. 

The  Gcncrai  yfiuisitrts  may  be  classified  as  follows  : 

1.  Mechanical:  Positinn.  etc. 

3.  Rest:  Bleeding  is  always  increased  by  movemcflt," 
since  this  breaks  up  the  forming  clots  and  also  tends  to  raise 
the  blood  pressure,  lixtreme  quiet  should  always  be  en- 
forced, in  addition  to  xvliatever  other  measures  are  taken. 
Morphin,  Bromids,  and  even  Alcohol  may  be  used  to  secure 
this.  ' 

For  the  same  reasons  are  contraindicated  all  measures 
which  tend  to  produce  movements,  especially  if  these  are 
sudden  :   Kmctics,  Purgatives,  etc. 

3.  Measures  which  change  the  local  distribution  of 
blood  :    Cold  or  heat;  counteiirritation. 

4.  Drugs  lowering  the  general  blood  pressure,  either 
by  dilatini^  the  vessels  (Nitrites.  Alcohol),  or  by  depressing 
the  heart — Aconite. 

5.  Drugs  producing  vasoconstriction  in  the  bleeding 
area: 

It  will  be  easily  appreciated  tliat,  in  order  to  be  useful  in 
hemorrhage,  a  vasodilator  must  dilate  the  vessels  of  the 
general  circulation,  but  not  at  the  blectling  point.  Per  con- 
tra, a  vasoconstrictor  must  constrict  them  at  the  blcedmg 
point,  but  not  elsewhere;  in  the  latter  case,  the  rise  in  gen- 
eral blood  pressure  miglit  easily  overcome  the  local  con- 
striction and  make  the  bleedin;^  more  free. 

The  selective  action  of  dilators  and  constrictors  on  dif- 
ferent areas  has  not  received  the  attention  which  the  pr3C- 
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tical  importance  of  the  subject  would  seem  to  justify.  The 
following  is  a  summary  of  our  present  knowledge  : 

The  LttHf^s  are  not  much  influenced  by  vasomotors. 
Hence  dilatation  would  be  indiL-ated — Nitrius. 

The  Brain :  The  vessels  Icadmg  to  it  are  very  subject  to 
lijatiirs,  but  not  to  constrictors.  Neither  measure  would 
therefore  be  useful.  If  there  is  not  naturally  a  slowing, 
Acifmti  would  promise  good  results. 

The  Splancknic  Area :  This  is  the  area  most  scnsiti\e  to 
vasomotor  influence,  and  reacts  promptly  to  either  dilators 
or  constrictors.  The  latter  would  be  uidicatcd — Strych' 
nvi  or  Hydrastis, 

The  SkiU'tai  ;T/KJt/cj  are  not  readily  dilated  or  constricted. 
Dilatation  would  be  indicated — Nitrites. 

Utirus :  Strongly  subject  to  constrictors.  In  Postpartum 
Hemorrhage  :  Ergot ;  in  Menorrhea :  Hj'drastis  and  espe- 
cially local  treatm«'nt. 

6.  Specific  Coagulants:  /.  a,  Drugs  which  increase  the 

,gulabilit>'  of  the  blood. 

These  are  tried  again  and  again  for  the  treatment  of 
aneurysm  and  hemophilia. 

Whilst  it  is  quite  easy  to  increase  the  coagulability  of 
blood  outside  of  the  body  by  Fibrin  Ferment  or  CaCl, ;  or 
to  cause  intravenous  clotting  by  the  injection  of  Nucleo-albu- 
mins  and  some  other  colloids — none  of  tliese  measures  can 
be  expt.'Cted  to  yield  any  results  in  therapeutics.  The  CaCI, 
is  comparatively  harmless,  and  may  be  given  subcutancousiy 
in  I  ^  to  55^  solution  or  by  mouth,  to  3  Gni.  per  day.  It 
is  warmly  indorsed  by  many  who  have  tried  it. 

Gelatin  Injections  have  been  introduced  of  recent  years. 
Their  use  is  purely  empirical,  and  the  reports  rather  contra- 
dictory, of  late  rather  unfavorable.  They  are  quite  painful 
and  cause  some  rise  of  temperature,  often  to  105°  F.  loO 
c.c.  of  a  sterile  I  ^  solution  are  injected  slowly  into  the  sub- 
cutaneous tissue  of  the  thigh  {not  near  the  aneurj'sm)  every 
ten  to  Bfkeen  days.  From  10  to  20  doses  arc  said  to  be 
suflficicnt.  It  has  also  been  used  for  hemorrhage  in  other 
inaccessible  situations,  as  in  the  kidneys;  also  in  purpura 
htemorrkagiea. 

Ordinar>'  st>'ptics  arc  genernlly  useless  in  hemophilia. 
The  inhalation  of  oxygen  has  recently  been  urged,  on 
purely  empirical  grounds. 
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(B)  SAPOTOXIN  GROUP. 
I.  OCCURRENCE.  ETC. 

Sapotoxins  are  colloid  principles  which  Iiave  a  distribution 
in  the  vegetable  kingdom  perhaps  as  wide  or  wider  than  the 
taiinins.  They  occur  in  no  less  than  one  Iiundrcd  and  fift>' 
different  plants,  belonging  to  tliirty  different  lamilies.  They 
contain  no  nitrogen  aiid  arc  verj'  closely  related  to  one 
another  chemically  ;  but  further  than  this  their  constitution 
is  not  well  understood.  A  great  many  belong  to  a  scries 
witli  the  general  formula  CnHjn_^0,„.  They  decompose 
fairly  readily,  and  especially  under  the  action  of  alkalies, 
and  yield  bodies  which  have  received  the  name  of  sapomHS. 
Tliese  differ  from  the  sapotoxins  mainly  in  the  fact  that  thn- 
arc  ph)*siologically  inactive.  However,  there  is  no  vcrj' 
sharp  demarcation  between  the  sapotoxins  and  tlic  sapo- 
nins. Tlie  two  very  frequently  coexist  in  the  same  plant 
and  certain  of  the  principles  share  the  characters  of  both 
sapotoxins  and  saponins. 

The  Mpotoxins  are  cliaraclcrijtiH]  bj*  cerUio  phy»icai  properties  one  d 
which  i«  tliAt  o\  feamitti^  if  <>}iaken  with  wiiler.  'nii>  ho*  «er%'e(]  togifClolhr 
plnnts  cuiilainiiig  them  such  noiucs  lU  soAp-wort,  srop  Imrk.  etc.  Id  tinwi' 
this  prufj«rly  Uiey  inny  be  usnl  a<i  eniuhifitri.  ll  will  be  lenaembeTed  1^ 
digitnnin  belnnge<l  poilly  to  thi4  gmiip,  sntl  on  this  sccouni  Ncted  *k  an  etnd' 
silicr,  nnd  ke[»  the  other  jitinriplei*  of  digitalis  in  suspension,  xlihiia^ 
8a}>oaiiu(  Oo  not  di»MiIve  in^ulublc  ^ubstaticvs.  All  ibe  tuemben  of  »' 
gnnip  Are  freely  sohiMe  in  waler.  In  dihile  xlrohol  ihry  di^w>Ur  in  [wufM- 
tinn  (o  ihe  water  which  tt  contains.  They  are  insoluble  in  ether  and  sinil' 
solventK. 


The    different    sapotoxins 
degree  of  their  toxicity. 


differ   ver^-   markedly  in  the 


The  mo)4  poi»nnotu  aapoloxin*  ate  tbow  coniAtnrd  in  QuiHajn  |«caf^b■ri: 
and  that  of  .^grfi^temina  (com  cockle),  The  latter  differ*  from  alt  the  otben 
in  the  fnci  that  it  may  he  absorbed.  That  contained  in  »enega  resemble*  (^ 
Miponins  very  closely. 


II.  SUMMARY  OF  ACTIONS. 

The  action  consists  in  a  very  marked  toxicity  to  proto^asm, 
if  brought  in  direct  contact. 

These  prindptes  are  not  absorbed  from  the  intact  mucnui  membrane  of  A> 
■lixnentary  camil ;  to  that  the  action,  tf  taken  by  Ihe  m<tuih«  i«  a  mreJy  t^ 
one,  with  the  one  excr-ption  of  the  com  cockle,  the  principle  of  which  i  ~ " 
be  capable  of  absorption- 
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III.   DETAILS  OF  ACTION. 

Locally,  they  exert  a  very  marked  irritant  action  on  the 
mtcous  uittnbranes.  Tliey  have  aw  acrid  taste  and  provoke 
a  flow  of  saliva  (sialogogue  actionj  ;  if  inhaled,  they  cause 
sneezing :  if  injected  hypodermically,  they  cause  subcuta- 
neous inflammation.  When  added  to  dcfibrinated  Wood, 
they  will  dissolve  tlw  corpuscles  an«l  liberate  the  hemoglobin 
and  the  salts — the  latter  even  when  the  corpuscles  have 
been  lakcd,  or  fixed  by  r»ima]dchyd. 

If  they  are  injected  directly  into  the  blood,  the  most 
marked  symptoms  will  tall  ujjoti  the  central  nenrous  system, 
and  are  rapidly  fatil.  At  first  lliere  are  violent  eottvulsivns ; 
then  fara/ysis,  especially  of  the  respiratory  center. 

Smaller  doses  given  by  the  blood  cause  especially  r>//rj- 
final  symptoms^  and  dcatli  after  several  days  by  collapse. 
Why  the  symptoms  are  so  largely  intestinal  is  Linex])Iained. 
Given  subcutaneously.  they  produce  these  s;ime  symptoms, 

I  only,  of  course,  much  more  slowly.  If  they  are  applied 
directly  to  skeletal  or  cardiac  muscle  or  to  nerve-trunks, 
khese  lose  thdr  irritabilit)'  at  once,  and  if  the  solution  is 
fairly  strong  (1 J^),  there  is  rigor. 
The  same  train  of  phenomena  of  ircncral  poisoninj^  is 
obtiined  if  these  poisons  are  absorbed  from  the  stomach  ; 
either  directlj*.  as  in  the  case  of  agrostcinma,  or  with  the 
others  after  the  local  action  has  proiluced  a  corrosion  of  the 
mucous  membrane.  If  the  dose  is  too  small  for  this,  only 
the  local  eflTecLs  are  observed.  These  lead  to  .s}'niptoms  of 
^gastro-ententis.  vomiting,  persistent  diarrhea,  etc. 

H  IV.  THERAPEUTICS. 

^B      The  toxic  actions  on  the  cenlml  nervous  system  do  not  at 
^B^all  come  into  play,  since  there  is  no  absorption.     Only  the 
^M  irritant  action  on  the  alimentary  canal  needs  to  be  consid- 
ered.     This  bears  a  close  resemblance  to  the  local  action 
of  ipecac,  and  the  therapeutic  indications  arc  the  same.     As 
nauseants  and  emetics  they  possess  the  advantage  over  ipe- 
cac  that  they  are  not  at  all   absorbed,  provided  they  arc 
given  in  moderate  doses;  they  therefore  avoid  the  central 
^Kaction  of  emetin. 

^m  The  property  of  emulsifying  determines  their  use  as 
determents  in  the  arts,  for  the  cleansing  of  articles  which  are 
injured  by  alkalies. 
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Sarsaparilia.  which  owes  its  activity  entirely  to  tJie  sapo* 
toxin  or  saponin  which  it  contains,  formerly  enjoyed  con- 
siderable reputation  as  an  alUrativc.  This  is  no  longer 
accepted  at  tlie  present  time,  and  if  it  possesses  any  action 
at  all  it  is  simply  ihat  of  a  ver)'  niild  nauseant. 

V.   MATERIA  MEUICA  OFSAI-ONIN  GROUP. 

QuillaJB  (U.S.P.)  [Quillajae  Cortex.  h.V.'\.—JiMfi-iark.  The  iaoa 
hark  of  QuiUaja  ^pcnaria^  Kosaccx  ;  Chiti  and  Pmt.  I^te:  l,0  to  3-0 
Om. 

»%  Tinctura  Qmillaja  (U.S.P.,  20jfe)  [B.P.,  5;t].— One-!hird  «lcdwL 
Dote:  3,oto8.oc.c.  \\%  to  3  drachms}. 

*  Saponaria  officinalis. — SMf-nvrt. — TTie  root  or  leaves  of  Sj/mant 
officinalis,  CarTojjhyllocca- ;  tcmpcmle  zuao.     Doit  :  3,0  to  4.0  tim. 

Senega  (if.-S.K)  [Senegae  Radix,  B.P.].— The  roolof /W>ywii  .Siw^ 
Polynnlftcear ;  North  Anit-rka. 

Extrtutum  Senega  fSmdum  (U.S.P.). — jUkAlitte,  threc-fooillu  akcW. 
D^e :  0.5  to  l.o  c  c.  (10  to  15  minims). 

Liquor  Settegte  Comentrarus  (H.P.). — 50^  alcobo).  Datt :  3  to  4  ct 
{)i  to  I  dmchm). 

J* ^Sy>it;-ut  Senega  [U  S  P.).— K>*.     Aw.';4  toBcc.  (t  lo  t  drtdud). 

Infuium  Senega  (B.P.). — %%.     Dosf  :  15  lo  jo  cc.  (  Ji  to  I  o«.). 

,%  TmctHra  Sentg.e  (B.P.)  — 30J6.  Two-lliira&  alcohol.  Dtu  :  !»< 
ex.  )^^  lo  I  drachm). 

Caulophyllum(U.S.P.). — BlueCehath. — ^The  rhizome  and  roouof  O**/*- 
fAylttim  ihahctrouUs,  Berh^dacr* ;  Nar(h  Ametica.  AIm>  coniains  laiiDis 
and  an  alkaloid  and  re$in$,  aboui  who«e  action  vcn-  little  is  known.  DfU' 
0.3  In  2.0  Gm.  (5  to  30  grains). 

Saraaparilla  (U-S-P.). — The  root  of  SmUax  offinnalis  and  mine  irtW 
species,  Ijllaccic :  tropical  America. 

U.S.  P.  Preparations. 

Dtffictum  Snriaparilia  Cfimpositum :  Contains  Sarsaparilla,  Sauatm, 
Gtiaiac,  Glycyirhiza,  atid  Mecercum.     Dote  :  30  to  1 30  c.c.  U  to  4  oancoi. 

Extraitnni  Stjnaf^irilla  fluidttm  :  One-tblrd  nlcubol.  Date  :  3.0  lo  4^ 
CC.  {%Vi  \  drachtn). 

Extractnm  SarsafiariUir  Fluidnm  Comfiwitum  :  Same  ingredients  ti  tki 
compound  decoction,  witb  the  omiuian  of  the  Guaiac.     Dftr;  2  to  4  c.c. 

»•»  Symfins  Sarsafarii/te  CamfosilMs  :  Conlahift  Santa[>aiiib,  GlycfTTbia. 
Senna,  and  Aromatict.  Dote:  15  to  30  cc.  {%  lo  I  ounce).  Hcasast. 
tilightly  Insalivc  vehicle, 

Sarax  Radix  ( H.  P. )  .—Jtimttiea  Sitrsa/>an7ia,  — The  root  of  SmiUx  #nMfa, 
Litinccx  ;   Costa  Rica. 

Liquor  Sarj^  Comppiitut  Coneentrnttts  (B.P.). — Contains  Samparilla,  Si»- 
safras,  Giiaiac.  Licorice,  Mczcretuii.     Dote :  8  to  30  c.c  (!^  to  i  ot. ). 

Ext'iiilum  Sttnit  Li,}uiJum  ( It. P. )  — Dvte :  4  lo  15  c.c.  (I  lo  4  drachma). 

Hcmtdeatni  Radix  \^.V. ). — The  root  of  Llnaideimui  tndicmx,  Asclc|Hda- 

CCK. 

Syrttpus  Htuiidtimi  (B.P.). — D^t:  3  to  4  cc  (^  to  1  dndun]. 

•Not  official. 

The  most  important  preparations  are  mufccd  ^*,. 
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(C)  SUMMARY  OF  THE  TREATMENT  OF  COUGH. 
I.  PATHOLOGIC  CONDITION. 

The  act  of  coughing  may  be  defined  as  a  coordinated 
reflex  involving  the  respiratory  center,  and  resulting  in  the 
sudden  and  violent  expulsion  of  air  from  the  lungs.  It  has 
a  physiologic  function  in  the  removal  of  irritant  substances 
or  of  accumulation  of  mucus  from  the  respiratory  passages. 
Like  other  reflexes,  however,  it  tends  to  persist  cifter  its 
cause  has  ceased  to  be  active  ;  or  it  may  become  excessive. 
In  either  case  it  will  require  treatment.  It  must  be  borne 
in  mind  that  cough  is  merely  a  symptom,  and  whilst  it  may 
be  treated  directly,  as  such ;  no  treatment  can  be  of  perma- 
nent benefit  unless  it  is  also  directed  against  the  original 
cause,  if  this  is  still  in  operation.  This  cause  lies  most 
commonly  in  the  respiratory  passages,  but  there  appear  to 
be  other  conditions  which  may  give  rise  to  cough,  or  which 
at  least  may  help  in  its  production.  The  changes  produced 
in  the  general  circulation  by  drugs  like  digitalis^  strychnin, 
or  the  nitrites  are  frequently  beneficial.  When  signs  of 
disease  are  present  in  other  organs  (dyspepsia,  etc.),  these 
should  receive  direct  treatment. 

II.  REMEDIES  AFFECTING  COUGH. 

Since  coughing  is  a  reflex  act,  it  may  be  affected  either 
centrally  or  p>eripherally. 

(A)  For  the  central  treatment  any  drug  may  be  used 
which  depresses  the  respiratory  center.  The  most  useful 
are  the  members  of  the  Morphin  Group,  and  particularly 
Heroin  (see  p.  2 1 8).  Bromids  are  also  useful,  but  their 
action  cannot  be  limited  so  nicelj-  to  the  respirator}'  center. 

(B)  The  peripheral  treatment  is  to  be  directed  against 
the  inflammation  and  its  attendant  piicnomena.  It  must  be 
modified  according  to  whether  the  seat  of  the  inflammation 
is  or  is  not  accessible  to  local  medication.  The  cause  of 
the  inflammation  is  usually  bacterial,  and  requires  antisep- 
tics. If  seated  above  the  larj'nx,  these  may  be  administered 
by  way  of  gargles  (see  p.  384).  If  below  the  Iar>nx,  in- 
halations of  the  volatile  antiseptics  (^Creosote.  etc.)  are  most 
eflfective.  It  is  often  attempted  to  secure  this  object  by 
giving  volatile  antiseptics  by  the  mouth,  on  the  tiieor}'  that 
they  are  excreted  in  sufficient  concentration  by  the  lung. 
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Tins  may  be  considered  doubtfiil.  However,  all  the  mem- 
bers of  the  turpentine  group,  when  present  in  tlie  blood, 
tend  to  lessen  even  aseptic  inflamniator)'  processes. 

The  sensory  irritation,  which  is  the  immediate  cause  of  the 
cough,  may  be  diminished  by  demulcents  or  anodynes. 
Whilst  it  is  only  possible  to  .ii>ply  these  local  measures 
above  the  larj-nx,  \'et  they  seem  to  be  beneficial  even  in 
more  distant  irritation.  It  may  be  that  Uie  solutions 
spread  downward  over  the  surface  of  the  niucous  membrane. 

Dimuictnts  are  colloid  (gummy)  substances,  which  appear 
to  act  simply  mechanically,  by  excluding  the  air  and  bac- 
teria. They  play  the  same  role  to  mucous  membranes  as 
salves  do  to  the  skin  (see  Chap.  XXXI,  A).  The  most  im- 
portant in  this  ci.innection  are  Afacia,  Sugar,  Ui-orict,  and 
the  variou.s  demulcent  teas. 

Locai  afwdy/ics  act  by  depres.sing  the  sensor)'  endings. 
They  possess  in  tliis  way  no  advantage  over  tlie  central 
depressants,  and  are  more  difificult  to  apply.  Cocain  and 
Atro/'in  may  be  used,  the  latter  also  in  the  form  of  the 
smoke  from  burning  stramonium  leaves,  as  for  asthma. 
Hydrocyanic  rtr/(/(commonly  employed  in  the  form  of  Syrup 
of  Wild  Cherry)  also  appears  to  act  as  anodyne.  The 
most  useful  anodyne  measure,  however,  consists  in  the 
inhalation  of  steam. 

The  inflammatory  rc;«^i'j/(V'«  may  be  influenced  indirectly 
by  countcrirritation  or  comj)re5scs  ;  or  directly  hy  IocaI 
astringents,  Tannm,  Alum,  or  Ferric  Chlorid  being  the  most 
useful. 

Next  to  the  cough  itself,  the  most  conspicuous  symptom 
of  these  inflammations  lies  in  alterations  in  the  quantit>"  or 
character  of  the  bronchial  mucus.  Remedies  which  influ- 
ence these  conditions  arc  called  Expectorants.  Their  em- 
ployment becomes  particularly  important  if  tlic  inflamma- 
tion is  seated  in  the  bronchial  divisions. 

The  expectorants  may  be  divided  into  those  which  di- 
minish the  secretion  of  mucus,  being  used  when  this  b 
excessive;  and  those  which  increase,  and  therefore  liquefy, 
mucus,  being  employed  in  cases  of  "drj'"  cough,  in  which 
the  irritation  arises  from  thick,  scant>'.  adherent  mucus. 
The  expectorants  arc  also  divided  into  depressant,  sttmuUnf, 
and  indifftreni,  according  to  their  effect  upon  the  general 
condition  o^  the  patient  (Note  that  these  terms  do  not  refer 
to  their  cfltct  upon  the  mucus !) 
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Expectorants  which  increase  secretion  : 

Depressant :  Nauseants  :  Ipecacuanha. 
(See  p.  327.)  Apomorphin. 
Tatar  Emetic. 
Sapotoxins  (Senega). 
Indifferent:  Neutral  Salts  (lodids). 
Carbonates. 
Pilocarpin. 
Stimulant :   Ammonia  Salts  (Carbonate  or  Chlorid). 
Digitalis  and  Squills. 
Expectorants  which  diminish  secretion  : 

Atropin  ;  Acids  (hydrochloric)  ;    Turpentine ;  Aro- 
matic Products  (Benzoates,  Balsams,  Creosote, 
Tar,  etc.). 
When  the  accumulation  of  mucus  is  very  great,  it  be- 
comes necessary  to  effect  its  removal  by  the  employment 
of  emetics  (see  p.  327). 

III.  TREATMENT  OF  COUGH. 

The  underlying  conditions,  when  known,  should  receive 
first  consideration,  but  the  symptoms  may  be  treated  at 
the  same  time.  Antiseptics  and  demulcents  are  always  in- 
dicated. Anodynes,  central  or  peripheral,  are  only  to  be 
used  when  the  secretion  is  not  excessive.  The  choice  of 
expectorants  must  be  governed  by  the  condition  of  the 
mucus,  and  by  the  general  condition  of  the  patient :  the 
depressants  are  often  useful  if  the  cough  is  accompanied  by 
acute  fever.  Their  depressant  action  may  also  be  abolished 
by  combining  them  with  strychnin,  digitalis,  or  ammonium 
acetate. 

It  will  be  seen  that  different  cases,  and  even  the  same 
case  in  its  different  stages,  require  very  different  treatment. 
The  routine  treatment  of  every  case  by  a  standard  "  cough- 
syrup"  cannot  be  too  strongly  condemned.  However, 
these  compounds  have  a  use  in  properly  selected  cases,  and 
we  therefore  append  a  list  of  the  most  popular  formulas. 

IV.  MATERIA  MEDICA  OF  COMPOUND   COUGH  MIXTURES. 

^^Mistura  Glycyrrhita    Composita    (U.S.P.). — Brown  Mixture. — The 
<A7/^,  4  c.c.  (teaspoonfuU,  contains:  Glycyirhiza,  Sugar,  Acacia  ;  Vinum  Anti- 
oait  0.25  ;  Tr.  Opii  Camphor,  0.5  c.c.  ;  Sp.  /Kther.  Nitr.,  o,  12  c.c. 
^^SyrupHS  Scilia  Compositus  (U.S.P.), — Ilivr  Symf. — Dosf  :    0.5  to  2 

The  most  important  preparations  are  marked  ^*^. 
J4 
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cc.  (7  to  30  mloiois).  I  c.c.  coDtaiQs  SqmlU,  Sen^ii,  and  0.003  Tartir 
Knetk. 

^^TrofMisci  Cubfhtr[\}. ?>."?.). — Cubeb,  Licorice,  Saasftfia*, Tola,  Acada. 
£>»ie  :  Oo«  every  half  hour. 

^%J-:/'rir  Piris  Cfffif^sifttm,  N.K  :  Wild  Cheny,  Tar,  Tolu,  Methyl 
AIcdIk^,  MurfMin,  and  Wine.  i"he  dosty  4  c.c.  (teas|H»nful),  ooataitu  ^ 
grain  Mtirphin  Sulphate. 

**• -V"'"  Periontlfi,  N.F. — Allhoea,  Collsfooi,  Glycyrrbica,  Anise,  Mil 
leiu,  and  Orris.     Used  as  in/ution  1  :  10  ad  libitum.- 

~*^  Syrn/>uj  Pint  StroftiCi^mf^tifus,  N.F.  :  White  Rne  Bark,  Wild  Chmy, 
Spikenard,  Gileod,  Sanfruinaria.  Sassafrts,  Morphin,  Chlororonn.  The  ^m 
(4  cc  =  tea^>ooa(ul}  contAlDS  0.002  Gm.  {^  graizr)  Morpfaio  Salpbate. 


PART  II.— SECTION  B. 


DRUGS  WHOSE  MAIN  ACTION  IS   A   LOCAL  ONE. 

Introduction. — The  foregoing  chapters  finish  the  class 
of  niusclc-nen,'e  poi.sons — /.  *-.,  of  dnigs  who.se  action  t* 
specialized.  These  were  for  the  most  part  of  organic 
nature. 

Most  of  tlxc  inorganic  drugs,  and  a  large  number  of  the 
organic,  act  indifierently  upon  any  tissue  with  which  llity 
come  in  contact.  Tlieir  action  may  be  considered  a*'  a 
mainly  local  one.  even  when  they  arc  introduced  into  the 
circulation  and  exert  a  widely  spread  action. 

Tlie  line  of  distinction  is  by  no  means  sharp,  and  the 
division  must  therefore  always  be  somewhat  arbitrary.  Wc 
have  already  taken  occasion  to  point  out  that  the  specializa- 
tion of  the  muscle-nerve  poisons  Is  only  a  quantitative  one— 
that  most,  if  not  all.  al.so  affect  other  structures  under 
suitable  conditions.  On  the  other  hand.  most,  if  not  all.  of 
the  local  poisons  show  a  predilection  for  certain  tissues. 
None  the  less,  the  extremes  arc  ven'  far  apart,  and  the 
greater  number  of  puisons  can  c;u»ily  be  grouped  about  the 
one  or  the  other,  to  the  great  convenience  of  systematic 
study. 

The  difference  becomes  at  once  apparent  in  the  tmdeHyiag 
basis  of  the  action.  In  the  ca.se  i^{  most  of  the  musclc-nent 
poisons,  the  cause  of  the  .stimulation  or  paralysis  was  ver\' 
obscure.  Whilst  many  facts  favor  tlie  view  that  they  enter 
into  some  chemic  combination  with  particular  protoplasmic 
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tnolecules.  this  theory  is  entirely  without  direct  experimental 
[proof.  These  chemic  reactions  take  place  only  in  the  living 
[molecules  and  are  too  delicate  for  our  present  methods  of 
[investigation. 

On  the  other  hand,  the  locaHy  acting  substances  produce 
f  their  effect  by  much  coarser  reactions,  which  we  can  more 
often  oversee  and  comprehend,  and  wliich  we  can  reproduce 
^on  the  dead  protcids  in  the  tcst-tulx;. 

^B  Some  produce  violent  chemic  cliengcs,  such  as  coDceatrated  HiSO^  or 
^H  KaOH  ;  oihcis  alter  tltc  water  or  sail  conlcnl  and  pruducc  prccipitntiuti  id  lliis 
^B  way;  still  others,  like  (he  metaU,  form  insoluble  compounds;  others,  a^n, 
^*  render  the  mincml  cniiMiiiiciii<>  ini^ulublc,  a&  oxalnies  do  oalcium ;  others 
replace  tlicin  by  i:betiiiL'aIly  similur  clciiicnls,  which,  huwcvcr,  prutluce  pio< 
found  chuogM  in  tlie  functiunft;  this  may  be  »ceD  by  displacing  chloridj  by 
^m  iodidi  or  brocnids ;  Oi  by  Mg,  etc 

Two  great  general  classes  of  actions  may  be  distinguished 
in  ever}'  substance  :  (i)  that  which  is  s[>ecific  to  it — the  so- 
called  "ion  action"  This  has  been  so  conspicuous  in  the 
musclc-ncrvc  group  that  it  entirely  overshadowed  the  other, 
the  (2)  "salt  action."  Every  soluble  substance  obeys  certain 
physical  laws,  uniform  for  all.  In  consequence  of  these 
physical  properties,  it  exerts  certain  actions  upon  cells,  which 
Bare  also  uniform  for  every  substance.  But  in  violent  poisons, 
these  are  not  sufficiently  strong  to  be  at  all  apparent.  It 
matters  very  littli;.  for  instance,  in  what  concentration  a  solu- 
tion of  5tr\'chnin  is  given.  It  does  not  act  wliere  it  Is 
applied,  and  will  reach  the  cord  in  very  much  the  same  con- 
centration, no  matter  what  its  original  .strength. 

In  other  substances  the  ion  action  is  very  weak,  and  in 
these  the  salt  action  assumes  prime  importance.     Since  this 

I, is  proportional  to  the  concentration,  and  since  this  is  the 
greater  the    less  the  substance    is   diluted   by  distribution 
through  the  body,  and  therefore   greater  at  the  point  of 
application — the  phenomena  produced  by  them  arc  mainly 
local, 
^ft      Others  of  the  local  poisons — such  as  the  heavy  mtrtals — 
^^have  a  marked  ion  action,  but  are  nut  usually  absorbed,  so 
tliat  their  effects  also  remain  confined  to  the  [Hiint  of  ap[)lica- 
tion.     They  are,  therefore,  also  proportional  to  the  conccn- 
tration. 
^P     When   a  substance   has   been  absorbed  it  is  diluted  by 
^^>eing   spread   over  the  whole   of  the  tissues.     But   it   is 
brought  together  again  and  concentrated,  when  it  is  being 
excreted  ;   so  that  the  organs  of  excretion — the  kidneys. 
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skin,  and  mucous  mcntbranes — are  the  must  violently  affected 
by  these  local  poisons — but  less,  of  course,  than  the  scat 
of  tlieir  application. 

Many  of  the  ion  actions  belong  to  the  domain  of  phj-si- 
ologic  chemistry^  and  it  will  only  be  ncccssiiry  to  point  out 
their  application  to  living  tissues.  But  the  subject  of  salt 
action  is  as  yet  mainly  in  the  hands  of  tl»c  pharmacologist, 
and  must  be  considered  more  in  detail.  We  shall  conhnc 
ourselves  to  the  present  status  of  tlic  subject,  witliout  enter- 
ing to  any  great  extent  into  its  history. 


CHAPTKR  XXIV. 
GENERAL  SALT  ACTION  ;   CATHARTIC  SALTS. 


(A)  GENERAL  SALT  ACTION. 

I.  OSMOSIS. 

Of  the  physical  or  salt  actions,  that  of  osmosis  is  the  most 
important,  and  tltc  most  thoroughly  studied.  * 

ll  hnit  been  discovered  llint  when  solids  are  brought  into  soludoo,  tlwii 
iDol«cule&  bcbuve  preciitcly  like  ifauH!  of  guei.  and  obejr  the  saoM  Um.  Hit* 
explains  nil  the  procevitrs  of  oniiunt*. 

I.  Hydrodiffuslon. — If  a  solution  of  common  salt  be 
poured  into  a  vessel,  and  on  this  some  water,  it  will  be  found 
that,  even  if  every  conceivahle  precaution  has  been  taken  no( 
to  mix  the  liquids,  the  upper  watery  layer  will  after  a  tinw 
contain  sodium  chlnrid  molecules,  and  finally  the  compos* 
tion  of  all  layers  of  the  liquid  will  be  uniform. 

This  is  cxpliiined  by  the  fact  thnt  the  salt  molecules  nre  coostantlT'  ia  m> 
lion,  (raveling  frrely  in  all  dircrtions  in  the  liquid,  in  the  same  nuuincr  u  pt 
moleculM.  A  certain  number  will  alwnyf  \m>t'i  lowiird  and  inlo  the  ■mwlKij 
layer,  and  remain  there.  Other  molecules  will  return  from  the  upper  tvtbe 
lower  layer.  Qui  mcirc  will  go  jn  ihe  fin>t  dirrctiou  than  in  the  nrcDod,  Hrifl 
the  prnpiirtitm  f>f  moleculeit  in  all  layers  of  ihe  liquid  i^  the  same.  WW< 
the  process  is  inlinitely  more  slow  than  in  the  ca»e  of  RaKK  the  final  OMsm 
is  prcu-wly  the  &amc. 

3,  Permeable  Membranes. — Let  us  suppose  that  vt 
separate  the  two  liquids  by  a  membrane,  instead  of  pUcin£ 

*  The  student  U  advi»«d  to  read  the  chapter  on  the  molectdax  ptiyva  *d 
pues  and  toltHtons  in  lome  work  of  pbymics  befoK  sttx3ying  tttta  mhjact 
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ftTiem  in  direct  contact  If  the  molecules  of  both  salt  and 
water  pass  readily  through  the  physical  pores  of  this  mem- 
brane, the  phenomena  of  hydrodilTusion  will  not  be  changed 
in  any  essential  feature. 

The  pTocew  of  diffuMon  would,  of  couxse,  be  somewhat  slower,  for  a  cer- 
tain oumberof  molecules  would  not  hit  upon  a  pore,  and  would  rebound. 

A  "  penneable  membrane,"  then,  slows,  but  does  not 
Othcrwisi'  modify,  the  pr<^ess  of  hydrodiffusion. 

\  3,  Semipermeable  Membranes. — Osmotu?  JWssurtr. — A 
*'  semipermeable  membrane "  ^  is  one  which  allows  the 
passage  of  one  sort  of  molecules  (usualK'  the  solvent), 
whilst  impervious  to  anotlicr  (usually  the  dissolved  sub- 
staitcc).  The  interposition  of  such  a  membrane  between  a 
solution  and  its  solvent  introduces  very  important  niodifica- 
tiotis  in  the  abo\  e  process,  and  results  in  tlie  development 
of  "osmotic  pressure." 

Every  molecule,  by  striking  against  the  walls  of  the  conlaioer.  or  against 
other  molecule*,  escrls  a  certain  jiressurc,  which  is  precisely  the  same  whclhcr 
the  HiHstance  is  in  the  ktrm  of  a  gas  or  of  11  solution.  If  the  same  number  Of 
molecules  per  cubic  space  exi&t  in  two  5oluliDn5  separated  by  a  permeable  mem- 
brane, tlic  pn-sAurc  will  Ik  equal  on  each  side  of  the  membrane.  The  nature 
of  the  molecule!  is  imnititchal  tothiis  as  long  aalhcy  all  pcnctrale  thtough  Ibe 
■Deuibranc  with  ci|nal  readiness. 

In  the  case  of  scmipermcabfc  membranes  the  condition  is 
difTercnt : 

The  Doo-difl'uftibte  molecules  will  all  rebound  from  the  luembrane,  and  so  re- 
main curUtncd  to  their  own  itide.  The  di(Yu»ib&c  molecules  will,  like  gases,  tend 
(o  pus  thmugh,  irrespective  of  the  other  ma1cculc.>i,  until  ihey  exi.>>t  in  e<^al 
ooaoentntion  on  each  side.  If  a  solution  consisting  of  x  molecules  of  salt  atKl 
[y — x)  molecules  of  water  per  cubic  centimeter  were  Inclosed  in  a  clused 
vewel  and  lepanted  from  water  containing  y  molecules  )>er  cubic  centimeter 
by  a  lemipermeahle  membrane,  then  water  would  p«w  into  the  solution 
until  it  oImi  contained  v  molcculcsof  water  per  cubic  cedtimeter.  But  it  woold 
iben  also  ccnlain  I- moleculci  of  nalt.  Its  total  molecular  concentration  per 
I  cubic  cmtiroeler  wtnild  therefore  be  j-  -i- Jt ;  higher  by  x  than  thai  of  iha 
Ik^uid  outside  of  the  vessel.  Tbc  pressure  iu  the  ve&s«i  would  therefore  be 
iocTVKsed  by  x  molecules. 

TIlis  excess  of  pressure  is  called  the  "  Osmotic  Pressure** 
'  or  "  Osmotic  Ten.sion." 

Since  a  "  gram-molocn1«  " — Ihe  molecular  e<]uivalcnt  of  the  substance  «- 
presned  in  grmms— exerts  a  pressure  uf  33.4  atmcKphcrefl.  a  Doniu)  solution,* 
separated  fmm  water  by  a  semipermeable  membrane,  would  exert  a  (oice  suSi* 
cient  to  drire  a  column  of  water  735  feet  high  <     Tills  pressure  could  only  be 

1  The  mart  Cypkal  semipermeable  membrane  ii  formed  oT  ferrocyaoid  of 
copper. 

•  A  "  Normal  Solation  "  if  one  which  contains  1  gram-molecule  dissolved 
in  nflicieni  water  to  make  one  liler. 
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Tndied  very  slowly,  Imwever,  nnd  then  only  ii  the  liquid  were  not  allowed  lo 
Bxpanci ;  otherwiM;  (he  o&malic  teu&ion  would  be  leswiied  in  propuftiuo  tu  fht 
dilution. 

So  that  if  no  resistance  is  olTered  to  the  expansion  of  a 
solution,  it  increases  in  volume,  instead  of  increasing  in 
pressure. 

In  this  way  a  single  molerule  nf  a  nnn-difTmiblc  mU  trould  thenrcticaJlr  be 
capable  or  attniciing  an  infinite  nmouni  o(  wnler  aciu55  a  semipermeable  mem- 
brane—ftw  it  is  evident  timl  tbe  number  of  [|,(.>  molecules  per  cubic  spacr 
would  always  be  less,  by  the  molecules  of  salt,  than  ibcy  arc  in  pure  water. 

The  rapidity  with  which  water  will  pass  into  the  salt  solu- 
tion across  the  same  impermeable  membrane  will,  of  course, 
depend  upon  the  concentration  of  salt ;  /.  r.,  tlie  partial 
vacuum  of  HjO  molecules  in  the  solution.  The  rate  d 
osmosis  will  therefore  be  slowed  as  the  process  progresses. 

If  two  solutions  having  the  same  molecular  concentra- 
tion in  dissolved  substance  (/.  ^.,  which  are  "  nfuimoUi-uliir  '*) 
are  separated  by  a  semipermeable  membrane  impermeable 
to  the  dissolved  substance,  it  is  e\'idcnt  th.it  no  exchang^c 
of   liquid   will   occur.     Such   solutions,    having    the  sam^ 
osmotic  tension,  are  called   "isofonic"  to   each  other.    i\  *^ 
physiologic  literature  •'isotonic"   usually  means  solutior»-*, 
having  the  same  concentration  as  blood-serum.) 


U  is  scarcely  necessary  to  mentjoo  (hat  cquiniolecular  solutions  of  dM 
substances  An  not  conlntn  the  umc  percentage  of  the  dissolved  salt,  (ml  ifc  ^^ 

same    number   of  |*Tnm-molcculc9.     The  molecular   weight   of   NaCl   brii ^ 

58.4,;  and  of  KCl,  74.4— a  7.44^  solution  of  tlic  latter  would  be  tsuloaic  ** 

a5-^^  solution  of  the  former. 

If  one  solution  has  a   greater  molecular  concentratir^^" 

than  the   other,  water  will  pass  from  the  weaker  into  ti ^ 

stronger  solution  until  both  have  the  satne  concentration^** 
The  stronger  is  tlien  called  "  hyfcr-isotonic"  \  the  weake 
"  hvpo-isotottic,"     Both,  not  being  isotonic,  arc  called  *'i 
isotofiic." 

Another  class  of  membranes — and  by  far  the  most  in 
portant  from  our  standpoint,  since  they  are  most  generally. 
represented  in  the  animal  body — arc  only  partly  semipe*^ 
meable;  i.e.,  they  are  partly  permeable  to  salts.  thnmj'/> 
less  readily  than  to  water ;  and  they  are  more  permeable  \c*t 
some  substances  than  for  others.     In  this  case  the  rcsulC 
will  be  intermediate  between  iicrmeable  and  scmiix-rmeaWc 
membranes.     They  obey  at  first,  for  the  main  part,  the  Uw> 
of  the  latter  ;  later,  of  the  former.     We  may  study  this  on 
several  hypothetic  examples. 
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1.  Let  us  usume  a  membrane  ptrff<-tly  />^>-rn<rnt>U  to  vtaitr  and  A'aCI,  per- 
/filly  impfrmfabU  taprofeit/i,  and  M:[Kiraliiig  :>olLiti»us  of  the»e  IwtJ  suUMlAnceft. 
It  will  be  plain  that  if  the  Na<?1  posses  n.s  re^ulily  m  water,  it  will  obey  pre- 
cicely  tbe  some  laws  as  the  kller ;  in  other  words,  our  NnCI  )>ulutiun  will 
behave  precisely  like  water,  and  lhii>  uo  mallei  whai  iu  concctitration.  With 
a  tnemlHnnc  of  this  kind,  the  weakest  pmteid  solution  wouki  be  hyperiiotonic 
to  the  strongest  NaCl  soluliun. 

So  that  cquimolecular  solutions  are  isotonic  only  if  the 
separating  mcnibraae  is  equally  impermeable  to  both  dis- 
solved substances. 

2.  Let  us  assume  a  membrane  which  is  perfectly  permeable  to  water,  and 
twue  as  permcahlt  to  A'aCi as  to  iugtf  :  i.  e.,  that  if  Milutions  tifrtjual  rnnccn- 
(ration  of  these  two  substances  are  dif^iscd  acrnss  the  membrane  e({inii<>t  pure 
water,  twice  as  many  molecules  uf  NaL'L  will  {>ass  in  u  ^wttu  time  into  the 
latter  than  of  sufrarJ  Lrt  us  asi^umc  that  this  mcmibranc  iirf>aratc^  eqiiimol- 
ecular  polmions  of  these  two  substances  Then,  in  a  given  lime,  when  x 
molecules  of  sugar  have  been  passed  into  (be  NaCI  solution,  2  x  molecules  of 
NaO  will  have  pas.sefl  into  the  sugar  solution.  A  corresponding  amount  of 
water  will  also  have  passed  io  order  to  keep  the  concentration  of  Uie  tt^O 
molecules  constant 

So  that  the  less  easily  diffusible  sul>stance  possesses  a 
higher  osmotic  tension  than  the  more  easily  difTusible. 

It  will  be  readily  understixMl,  however,  that  whcit  the  ralio  of  KaCt  mole* 
cules  has  become  the  same  in  both  solutions,  the  exchange  of  sugar  molecules 
will  still  be  proceeding,  and  will  gradually  lessen  the  difTercnce  in  osmotic 
ten«ion  until  both  fotalions,  in  the  course  of  time,  will  tigmii  Income  iso- 
tonic. 

It  is  largely  by  virtue  of  this  tlinerent  pcniicability  of  the 
cell-wall  to  different  substances  that  tlic  cells  of  the  body 
are  able  to  preserve  their  integrity  in  the  face  of  consider- 
able clianges  in  their  environment 

All  cells  are  relaliwcly  impermeable  to  proicids  ;  their  permeability  lo  other 
sul»)atice«  is,  however,  very  difTcn-nt  for  the  individual  lis>>ues.  Thus,  the 
inieicltnal  wall  is  impermeable  to  »ulpbates,  which  jw&s  the  kidneys  with  great 
readiuecs. 

If  a  membrane  is  impermeable  to  both  solvent  and  salts, 
no  osmotic  tension  can.  of  course,  be  developed,  since  this 
presupposes  the  more  ready  passsage  of  one  molecule  than 
of  another. 

4.  Laws  of  Osmosis. — For  convenience,  the  data  which 
have  bcLMi  discussed  in  the  preceding  paragraphs  may  [x 
summed  up  in  the  form  of  laws  : 

I.  Solutions  scparatetl  by  a  membrane  permeable  to 
water  tend  to  have  an  identical  molecular  composition. 

'  Tbe  relative  quickness  with  which  diflcrcnt  substances  in  eciuimolecular 
solutions  posa  through  a  given  membrane  is  called  the  "  InUial  Rait  of 
Otmom.'" 
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2.  If  the  membrane  is  perfectly  permeable  to  both  solvent 
and  dissolved  substance,  the  exchange  of  molecules  will 
take  place  witliout  change  in  pressure  or  volume. 

3.  If  the  membrane  is  less  permeable  to  the  dissolved 
substance  than  to  the  solvent,  an  increase  of  liquid,  or  in- 
crease of  tension,  will  occur  in  the  stronger  solution. 

4.  If  a  membrane  is  differently  permeable  to  one  dissolved 
substance  than  to  another,  equimolecular  solutions  of  the 
less  diffusible  substance  will  be  hyperisotonic  to  the  more 
diffusible. 

II.  DISSOCTATION. 

We  have  so  far  assumed  tliat  the  molecular  concentra- 
tion of  the  scilution  is  determined  by  the  pt-rcentagc  of  the 
dissolved  salt  divided  by  its  molecular  weight.  This  holds 
true  only  of  certain  substances,  or  in  concentrated  solutions. 
In  dilute  solutions  of  salts  it  is  found  that  more  molecules 
exist  than  would  be  accounted  for  by  this  formula. 

Itie  molecular  ctmcentraUon  of  ftoluUonK  may  be  meuured  hy  a  numbrruf 
mrthodx;  n«,  for  inMarnic,  by  cctnipAring  thtir  osmotic  lensirat  fccrot*  bmd^vt- 
moable  nienibrane^.  This  is  not  wry  coiiveiiieiiL  Sicice  ihr  tMiilin^  tini 
frc«ziTig-|>4>ii)ts  nf  «olution<(  bIm)  vary  with  llictr  concent ralinn,  thrj«,  »nA  |V 
tkuloHy  the  latter,  are  usually  chosen  for  iheM  cnlcuUtktns. 

Ever)'  mol  '  of  salt  per  liter  of  solution  depresses  thr 
freezing-point  of  water  by  i  .89°  C,  and  this  no  matter  what 
the  substance.  A  solution  of  NaCI  containing  0. 584  grail) 
NaCl  per  litter  (equals  j^  mol)  shottld  depress  the  freezing- 
point  by  0.0189°.  ^^  '■■*  found,  however,  that  its  depression 
is  nearer  to  0.05** ;  almost  twice  <)s  great  as  would  be  ex- 
pectt:d.  This  <Iifference  is  found  only  in  the  case  of  salts, 
not  in  such  substances  as  sugar,  urea,  or  alcohol.  It  can 
only  be  explained  by  assuming  that  a  certain  proportion  of 
the  molecules  are,  in  this  dilution,  broken  up  into  their  con- 
stituent parts. — into  Na  and  CI, — the  number  being  propor- 
tional to  the  dilution.  In  an  infinite  dilution  all  tlie  mole- 
cules would  be  broken  up.  and  one  would  have  twice  the 
theoretic  depression  of  the  freezing-point. 

We  can  imagine  that,  as  the  tnotecules  become  separated  Trom  eadi  odwr, 
iHeir  ooostitucot  ports  albo  separate. 

This  phenomenon  is  called  dissociation.  Its  amount  is 
fairly  constant  for  similar  salts  for  the  same  degree  of  dilu- 
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lon.  In  I  fc  solution  of  NaCl  about  82.8^  of  the  mole- 
cules undergo  tins  process,  and  about  the  same  percentage 
in  equiniolecular  solutions  of  KCI  or  NH^Cl.  Dissimilar 
elements,  such  as  Mg  or  Ca,  ha\*c  a  different  constant. 

This  dissociation  bears  a  striking  relation  to  the  conduc- 
tivity of  salt  solutions  for  electricity.  It  has  been  f^uiid 
that  salt  solutions  conduct  electricity  proportionately  better 
e  more  tliey  are  diluted.  If,  f.  g".,  a  solution  which  con- 
tains 0.1  mol  has  a  coefficient  of  cutiductivitj*  which  we 
will  call  "  K,"   a  solution  whicli  contains   only  o.oi    niol 

ill  have  a  coefficient  higher  than  ~^.  This  increase  is 
exactly  proportional  to  the  increased  dissociation,  as  esti- 
mated by  the  freezing-point  nieth*>d.     From  this  it  may  be 

loncluded  that  electricity  is  conducted  only  bj'  the  disso- 
ciated pcirts.  These  fractions  of  the  molecules  arc  called 
Ions. 

It  Bnu<  not  be  concluded  from  this  EhB(  the  ion»  are  idciitioil  with  ntmn^ 
They  bftTe  entirely  difTerent  propertic*,  aiid  with  NaCl,  c.  /.,  iiu  mctAlIic 
lodium  or  fpucoux  chlnriii  cxi.sis  in  ilir  imlLition.  Ttirse  ions  are  chargeil  with 
positive  or  negative  electricity,  wIikIi  entirely  dioiiges  their  cbanicter.     To 

I  Tender  this  clearer,  one  raighl  os^tJine  tliat  the  soiiium  alum  enlen  into  a  new 
mol rcnle- like  coinhiDalinn  with  what  we  mijjht  call  an  aintn  of  pcmilive  elt^- 
triciiy  tu  fonn  the  aodium  ion.  and  the  chlurin  similarly  with  Uie  otrgative. 
'"Atom  of  electricity  "  i.i  u»ed  hcic  simj>Iy  lu  a  Agurv  nf  »|}cc{:h. 
I  Ifa  current  of  electricity  is  passed  tlirough  such  a  solution, 
the  S'xiium  ion  will  go  to  the  negative  pole  to  give  up  its 
electricitj'  and  combine  there  with  water  to  furm  NaOH, 
setting  free  H.  The  chlorin  ion  will  go  to  the  negative 
pole  and  form  HCl.  The  ion  going  to  the  negative  pole 
IS  called  kation  ;  that  to  the  positive  pole,  anion  ;  since  they 
go  to  the  kathode  and  anode  respectively. 

H  IV.  PHYSIOLOGIC  PHENOMENA. 

^m      It  may  now  be  attempted  to  apply  these  physical  pro- 

Hoessess  of  salt  action  to  the  phenomena  of  life.      It  is  nec- 

^Bessary  to  distinguish  between  isotonic  and  A/iisotonic  solu- 

~  tions,  but  it  will  be  seen  that  salt  action  always  produces  much 

the  same  hnal  results,  although  the  means  by  which  these 

are  brought  about  are  exactly  opposite  in  the  different  cases. 

I.  Effect  on  Cells. — If  the  molecular  constitution  of  the 

medium  surrounding  the  cells  be  in  any  way  changed,  this 

will  effect,  in  the  first  place,  a  change  in  the  total  water  or 

.,5alt  content  of  the  cell.     A   hypcrisotonic   solution  will 
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cause  the  witlidrawal  of  water,  and  a  hypoisotonic  solution 
the  withdrawal  of  salts.  If  the  ratio  of  tlie  different  salts 
in  tlie  surrounding  medium  is  not  the  same  as  that  in  the  ■ 
cells,  their  ratio  in  the  latter  will  also  be  altered.  Again. 
when  salts  are  drawn  out  of  the  cell,  it  must  be  expected 
that  certain  of  its  salts  will  leave  niore  quickly  than  others. 

A  salt  action  on  the  cell  will,  therefore,  result  in  altering 
its  total  salt  and  water  content  and  the  ratio  of  its  individ- 
ual salts,  These  changes  will  react  upon  the  protdds.  just 
as  increasing  either  the  salt  or  water  content  of  a  solution  will 
effect  the  precipitation  of  globulins  in  the  test-tube.  Other 
proportions  will  dissolve  globulins.  It  may  be  assumed 
that  similar  changes  occur  inside  the  cell,  with  other  pro- 
teld  constituents  as  well  as  with  the  globulins. 

The  physiologic  effects  of  these  physical  changes  consist 
in  a  milder  or  stronger  irritation,  leading  to  quantitative  or 
qualitative  changes  of  function.  With  most  cells  the  main 
changes  fall  upon  their  metabolism.  These  nutritive  changes 
are  most  pronounced  in  the  cells  of  lowest  vitality-.  Asa 
rule,  pathologic  formations  possess  less  resistance  than  nor- 
mal tissue,  so  that  one  of  the  most  conspicuous  phenomena 
of  tlie  general  salt  action  is  the  breaking-down  of  patho- 
logic formations,  no  matter  what  their  origin,  and  whcthw 
they  are  chcniic  or  anatomic. 

2.  If  a  very  strong  salt  solution  is  injected  directly  into 
the  circulation,  the  main  symptoms  will  arise  from  the  CM- 
tral  nervous  system.  They  consist  in  stimulation,  with 
sub.scquent  panlysis,  Ix-ing  similar  to  the  effects  of  asphyxia. 

3.  Effects  OE  the  Serum. — The  priniar>'  action  of  the 
salts  will  be  to  increase  the  quantity  of  tlie  serum,  no  mat* 
ter  in  what  concentration  or  by  what  channel  they  are  intn?- 
duced. 

If  isotonic  or  hv'poi.sotonic  solutions  are  introduced,  they 
will  pass  into  the  blood,  and  so  increase  Its  quantity  lii* 
rectly.  If  hyperisotonic  solutions  are  introduced,  they  wiH 
draw  liquid  from  the  tissue  and  thus  increase  the  volume 

The  blood,  however,  has  a  ver>'  strong  tendency  to  main- 
tain its  normal  composition,  much  more  so  than  the  tissues 
If  it  is  attempted  to  alter  its  composition  in  any  way.  it 
passes  the  added  material  very  rapidly  into  the  tissue, 
where  it  is  stored  until  it  can  be  excreted.  The  compoii- 
tion  of  the  tissues  will,  therefore,  be  changed  through  tbt 
salt  acting  on  the  cells,  as  has  just  been  described. 
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The  increased  volume  of  the  blood  will  also  cause  an 
increased  flow  of  lymph,  urine,  sweat,  and  other  liquid 
secretions,  to  effect  the  reduction  of  the  ratio  of  serum  to 
corpuscles  to  the  normal.  The  mechanism  of  this  passage 
of  liquid  out  of  the  vessels  into  the  lymph  and  urine  has 
been  a  fruitful  theme  for  discussion.  It  is  most  probable 
lliat  several  factors  are  involved,  and  to  different  degrees 
with  the  different  secretions.  Salt  action,  filtration,  and 
\  ital  secretion  may  all  play  a  role — tlic  last  especially  in 
the  case  of  urine. 

4.  Increase  of  Lymph-flow. — Heidcnhain  divided  the 
lymphogogues — the  substances  which  produce  an  increased 
l>'mph-flow  when  injected  into  the  circulation — into  two 
classes. 

The  Jirs/  flasi  comprises  albumows,  leech  and  crab-n)u»c1e  cxlracla,  etc 
These  aci  by  injuring  the  waIIs  of  the  capillnrie.s  renderinf^  (beni  more  per* 
meable — resciubliug  sumewhat  the  action  of  arsenic^  ui  of  iofiaamulioa,  on 
the  vessels. 

The  second  class  comprises  hyperisotonic  solutions  of 
soluble  salts,  which  would  therefore  increase  the  volume  of 
tiie  serum  by  salt  action.  TIus  will  furnish  conditions  favor- 
able to  filtration — the  rapidity  of  which  is  proportional  to 
the  pressure.  Although  it  is  well  known  that  the  arterial 
pressure  is  not  pennancntly  rai-sed  by  the  injection  of  even 
vcrj'  lar^e  quantities  of  liquid  into  the  blood,  this  docs  not 
hold  of  the  capillary  pressure.  This  is  notably  increased, 
and  it  is  here  that  the  filtration  occurs.  Osmosis  is  also 
concerned,  for  the  diluted  serum  will  be  relatively  richer  in 
diffusible  substances  than  the  lymph.  And.  finally,  there  is 
nothing  to  disprove  that  tliere  may  not  be  a  vital  action 
sinnlar  to  that  mentioned  on  page  541  for  the  intestine. 
H*nv  trrcat  a  part  is  to  be  ascribed  to  each  of  tJiese  factors 
is  witiiout  our  knowledge. 
I  5.  Diuresis. — The  flow  of  urine  is  usually  notably  in- 
creased after  the  introduction  of  diffusible  substances  into 
tl)e  circulation — whether  tliis  be  done  directly  or  through 
tlie  alimentary  canal. 

Thta  uriite  is.  of  course,  especial!)-  rich  io  the  injected  substance ;  but  the 
.Bbaolute  quftntil)>  of  its  other  ingredients  ia  usually  olso  increoxtl,  for  a  unit 
''of  lime. 

This  is  easily  understood  on  the  doctrine  of  salt  action, 
according  to  which  the  ratio  of  the  constituents  on  the  two 
sides  of  the  membrane  tends  to  be  equal :  The  scrum  could 
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not  rid  itself  of,  t\g.^  NaQ  without  also  losing  some  of  its 
other  salts. 

A  notable  exception  to  this  is  thnt  the  urine  is  almost  free  ft«n  ditorids 
after  the  ititntvcnouit  injection  of  smdium  stilphftte. 

This  ia^l  fact  ^rveM  to  .show  that  vjiaI  [ihriwmierui  play*  much  {fTFAler  r^ 
in  the  fomiftlinn  of  urine  than  in  thai  ai  (lie  Ij-mph,  for  at  a  time  when  the 
urine  is  Cl-free,  the  seritm  has  nearly  ji.«  normal  content  of  thew.  Thb  agno 
with  the  phenumenoii  that  lU^&r  i«  ntri  i^xcr{.-|ei)  until  ii  etciceds  a  ceruia  per- 
ccntA(i|;e.  The^  fnctK  ci^ulil  nut  be  ex|iliiined  on  any  physical  basis.  Nof 
wmilti  any  physical  law  permit  the  urine  to  be  excreted  more  concrninued  than 
the  *eruin,  a^  is  nonnally  the  ca>*.  Ilciwever,  minuiiis  di>r«i  play  Miinr  rOlf .  (i« 
thcconcentrolioDof  the  urine,  particularly  of  its  salts,  can  only  vary  within  ntber 
narrow  liiuils  fmm  thnt  of  the  I>Uk»1.  Rn4  when  iso-molcculiir  Mtluliuiu  are  tB- 
jecie«],  the  inial  ctincentnuion  of  the  urine  is  very  nearly  the  same  as  tktt  of 
serum. 

Since  urine  is  secreted  against  a  practically  non-protckj 
fluid — viz.,  against  urine — the  factor  of  non-diffusible  con- 
stituents cannot  conic  into  play.  The  otiicr  factors  involved 
in  the  formation  of  lymph  may.  liowe\*er,  be  assumed  to  be 
in  operation.  But  more  stress  must  be  laid  upon  tlie  vital 
activity  of  the  cells. 

It  is  easy  to  »ee  how  these  wuulrl  be  simulated  under  the  given  cawhiioo*. 
An  increased  vnliinir  of  hhxxl  will  mean  a  (|uicken«tl  circulation,  and  Ibii 
means  a  nutritive  ^timulniion  Uul  the  bU-Mid  is  not  normal,  even  whM  NaO 
\ms  been  injected.  The  relative  proportion  of  this  salt  in  the  serum  would  U 
altered,  nnd  thi^  wmild  pnxliice  a  stiniulAtion  by  Milt  action.  Thi<  would  tw 
still  Ifif{[cr  in  the  case  of  sall«  foreit^i  to  iho  vrum,  or  even  wilb  iBom:  whick 
exifil  there  in  Surmller  quKnlily.  (To  make  this  clear,  we  may  aaaume  that 
serum  cnninins  loo  ions  of  Na,  loo  of  CI,  lo  of  K,  and  $  of  SO^  II  isc^i- 
dent  thni  the  addhioii  of  j  ion«  f»f  St)^  would  citu^  a  much  greater  cfaaa^  io 
the  ratio  of  these  ions  than  would  the  H<l<htiun  of  5  iun<i  of  CI.) 

Since  the  introduction  of  any  salt  will  also  cause  an  in- 
creased excretion  of  all  other  dilTusil»Ie  constituents  of  the 
cells,  thi-i  amounts  practically  to  a  "flushing"  of  the  bodj*. 

6.  Absorption  of  Effusions. — When  solutwns  of  diffu- 
sible snhslatu'is  are  introduced  into  any  nf  the  body-ca\'ite\ 
or  under  the  skin,  they  are  very  rapidly  absorbed,  nn  matter 
what  their  concentration.  Osmosis  must  necessarily  play  * 
^great  pait  in  this.  If  the  solutions  are  hypoisotonic,  H-atef 
will  be  absorbed  until  they  become  isotonic;  h)*perisotftnfc 
solutions  will,  of  course,  at  first  increase  in  volume.  Bui 
even  when  such  solutions  have  become  equiniolecular  with 
the  .scrum,  osmosis  continues  to  aid  in  their  absorption  :  iof 
they  are  still  liypoisotonic  to  tlie  non-diffusible  solutioos 
contained  in  the  cells  and  in  the  circulating  liquids. 

The  difference  in  the  permeating  iiowcr  of  diflerenl  salta  in  refcreiw  " 
celU  and  the  absorption  of  isouolecular  solutions  is  shown  \CTJ  pfcttilf  If 
dtelelal  muscle. 
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It  mu»t  be  assumed  that  the  body  cells  ore  isotooic  with  the  serum  or  lymph 
I  fai  which  Ihry  arc  halhed.  For  the  frne,  chi.s  would  cnirctpond  to  a  NaCl  .ulu- 
tion  of  about  0,75^.  If,  rmw,  the  cell  wall  wcie  oiuiilly  pemieable  for  all 
•alts,  otte  Wuuld  expect  thai  tnu-'«i:Ic  laid  in  an  c^|uiaiolccular  solulioa  of  any 
aalt  would  neither  gain  nor  low  waler.  This  is  nut  the  caw.  If  ihc  frog's 
skeletal  muscle  is  laid  for  eightceu  houn  in  solutions  of  diflcrenl  salts  cqui- 
iDolecular  wjtlt  the  0.75  NaCI  solution,  it  U  found  to  have  gained  or  lost  coci- 
siderabljr  in  weight,  tm  follows  : 

NaCt  :=  B«tn  7  ^  of  its  weigiiU 

KCl    =    ••  40^  to  sojt  erf  hi  weight 

CaCl,  =  loss25^  

LiCl  =  unchanged. 

It  cannot  be  laid  with  certainty  that  these  difference*)  in  absorption  are  due 
Pimply  to  the  diffeienc  permeability  of  the  cell  wall.  The  phcuomrnon  wems 
I  to  be  allied  to  what  ts  called  lohU  ttrUtititt.  By  this  term  is  meant  the  process 
[by  whid)  the  cell  takes  up  limited  quantilies  of  fluid  into  its  molecular  porea. 
iCufiously  enough,  soap  behaves  exactly  like  muscle  toward  these  salts. 

It  might  at  first  \*icw  apjK'ar  tliat  the  osmntic  absorption 
of  equimolccuiar  salt  solutions  could  not  be  applied  to  the 
absorption  of  effusions,  which  commonly  also  contain  pro- 
teids.  To  this  it  may  be  replied  that  the  percentage  of  pro- 
teids  is  always  less  in  thcni  than  in  the  serum,  and  that  pro- 
teids  outside  of  the  circulating  body-liquids  arc  gradually 
broken  up  into  more  dilTusiblc  conijwimds,  The  process, 
althou^li  more  slow,  would  y<-'t  be  as  complete.  And,  as 
a  matter  of  fact,  the  absorption  of  effusions  or  other  proteid- 
licjuids  occurs  much  more  slowly  than  that  of  salt  solution. 

This  must  not  be  misintcrprcled  as  meaning  that  usmoflls  is  the  only  process 
involved  in  the  abwrption  of  solutions  and  of  effusions.  This  is  probably  by 
no  means  the  case.  It  i«  ot>1y  wished  to  gioint  out  llmt  this  process  would  be 
soAcient,  and  is  presumably  a  potent  aid.  h'iltnition  and  secrctioti  and  other 
▼ita]  proce«ws  ant  no  doubt  concerned,  but  the  relative  rOle  of  their  different 
processes  is  still  in  dispute. 

I     7.  Absorption  from  the  Alimentary  Canal. — This  is 
probably  e\'en  more  depciuietit  upon  forces  other  than  the 

■osmosis  than  is  absorption  from  serous  cavities. 
Filtralion  is  very  important,  but  vital  aclinn  cannot  be  denied.  Thwt, 
h  has  been  shown  that  in  the  excised  and  surrivinj;  intestine.  Immersed 
in  a  solution,  a  passjjjc  of  fluid  liikes  place  rnnn  the  linncn  to  the-  sur- 
luuDdinK  fluid,  even  when  the  two  fluids  are  identical.  Tliis  cannot  un  any 
theory  be  osmotic.  It  stops  much  earlier  than  the  muscular  contractions,  so 
^^  that  it  cannot  br  filtration,  and  we  must  be  content  to  call  it  vital. 

V  However,  the  time  which  must  elapse  before  absorption 
can  be  complete  will  leave  ample  opportunity  ftir  osmotic 
processes.  There  will  be,  in  the  first  place,  a  tendency  to 
render  the  contents  of  the  alimentarj*  canal  isotonic.  For 
lis.  they  must  absorb  water  or  salts  from  the  tissues — first. 
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of  course,  from  the  intestinal  walls.  This  will  result  in  an 
irritation.  As  this  is  usually  mild,  it  will  stimulate  their 
functional  activit>-,  and  lead  to  increased  secretion,  increased 
absorption,  and  increased  peristalsis.  The  diffusible  con- 
stituents of  the  cells — the  HCI,  NajCOj.  and  possibly  also 
the  ferments — will  also  be  drawn  out  by  the  salt  action. 

The  presence  of  fluid  furtlier  supplies  a  mechanical  sbm- 
ulus  to  the  movements  of  the  stomach  and  intestine.  If  it 
is  notably  increased,  it  also  affects  absorption.  This  is 
perhaps  rathei'  retarded  in  the  stomach.  ]3ut  in  the  intes- 
tine it  is  rather  increased,  for  the  intra -intcstinaJ  pressoft 
will  be  raised,  and  this  will  favor  filtration,  which  probably 
constitutes  a  large  part  of  the  process  of  absorption. 

Certain  salts  are  not  capable  of  abwrplian.  Tbew  will  tend  bo  remui 
iwtonic  with  the  hlonri.  nn<[  will  tlirrefore  rrUin  a  corrrsponding  anoQBtrtf 
liquid ;  this  will  fli  once  keep  the  intestinal  coDlenu  mon  1tt|iuil,  «ad— )if 
iniTcaung  iheir  hulk — !iu[i{ily  a  uicrhanical  Nlimuluk  lo  peristalsis  and  ptoiluct 
catluTsis. 

We  may  now  take  up  the  study  of  these  salt  actions,  is 
they  can  be  uttUzed  in  therapeutics. 


V.  ACTION  OF  WATER   AND    HVPOISOTONIC  SOLUTIONa 

These  will  increase  the  water  content  of  the  ti!»ues  and 
liquids,  and  will  at  the  .same  time  remove  salts  from  the 
cells.  They  produce,  therefore,  an  imbibition  and  a  lixivia- 
tion  of  the  tissues,  and  other  changes  resulting  from  this. 

I.  Distilled  Water. — 1-ower  organisms,  and  e\cn  fish, 
if  placctl  in  tiistilled  water,  lose  tlicir  salts  so  thorougliiv 
that  they  die  quite  quickly.  This  is.  perhaps,  not  due  en- 
tirely to  tlie  salt  action,  but  to  small  amounts  of  metallic 
impurities  (copper")  from  the  distilling  apparatus.  But  e«n 
when  the  distillation  is  carried  on  in  glass,  the  distilW 
water  will  eventually  have  a  fatal  effect,  and  this  before  tl* 
organism  has  become  entirely  salt  free.  It  would  scc» 
that  the  salt  content  cannot  be  lowered  below  a  ccTtai" 
limit  with  impunity. 

One  frequently  »ees  meiitiun  in  the  pL>pular  preu  of  claimed  toxic  cSms'' 
drinking  diiiilled  water.  ThcM.-  >lalemctiL»  arc  entirely  cruundle**.  DbtiW 
wnirr  i^  oflrn  dninV  cxrliiM\-ely  fm  «hi{>s,  without  any  ban  Hfi^is.  It  wonUb* 
entirely  Itiipossible  to  take  a  sufficient  amount  by  (he  Momacli  lo  tetorne*^ 
from  the  IkmIv  in  such  quajitilicf*  oit  lo  have  any  dclcteriou*  influence,  l«" 
when  it  a  injected  directly  into  the  veins  of  a  mammal  ii  is  excreted  w  np^l 
that  it  is  gimaax  impossible  to  introduce  a  5uHicieut  quanlity  to  be  fatal. 
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The  absorption  of  aqueous  liquids  takes  place  very 
rapidly  from  tlic  iniLstinc,  while  it  is  ratlicr  limited  from  the 
stomach.  The  presence  of  fluid  rather  delays  the  absorp- 
tion of  other  substances  from  tiie  latter  organ,  whereas  it 
favors  absorption  in  the  intestine.  Thequantity  of  fluid  does 
not,  however,  have  any  influence  upon  the  nomial  utilization 
of  food,  within  rather  wide  limits. 

The  popular  opiiuan  that  water  can  he  nliAorhc^I  frtim  tbc  jJtin,  is  not  in 
accord  vrith  cipcrimcnMl  evidence.  The  cpiHcmiis  appcan  lo  be  entirely 
impenacablc  to  il.  Uatbiiig  in  culd  water  will  contract  the  ctitaiicuus  vessels 
and  will  in  this  way  diiniiiisli  the  lu&s  of  water  hy  perspiration  ;  while  hot 
water  will  ittcreii»r  the  1<ms  by  fnvunng  diaphoresis. 

f  3-  The  excretion  of  water  takes  place  by  tlie  kidneys, 
1unt>s,  and  skin.  lite  path  winch  it  takes  in  a  ^iveii  case 
will  depend  upon  the  contlition-s.  It,  for  in.stince,  the  water 
administered  in  combination  with  salLs  or  urea,  it  will 
ordinarily  take  the  same  path  as  the  latter  and  act  as  a 
diurt-ftc.  If  given  pure,  and  especially  when  hot  (so  as  to 
vor  dilatition   of  the  cutaneous  ves.sels),  it  will  act  as  a 

4.  The  action  of  the  water  upon  metabolism  is  impor- 
tant. When  larijc  quantities  of  liquid  are  taken,  the  nitro- 
gen in  the  urine  is  increased,  while  it  is  diminished  wlien 
the  water  consumption  is  lowered.  U  it  is  withheld  for  a 
considerable  time,  this  increases  the  destruction  of  the  body- 
proteids.  -  The  increased  excretion  of  nitrogen  from  ex- 
tensive consumption  of  water  is  undoubtedly  due,  in  great 
part,  to  the  washing  out  of  the  tissues — to  tlie  removal 
of  ready-formed  diffusible  nitrogen  waste  products.  It  is 
therefore  especially  large  when  the  body  is  charged  with  a 
large  amount  of  these,  as  in  fever;  and  it  is  then  a  valuable 
therapeutic  measure  for  their  removal,  liut  this  will  lead 
to  the  breaking-up  of  more  coniplicated  nitrogenous  mole- 
cules, so  that  tlic  actual  N-metabolism  will  be  increased. 
This  also  brings  with  it  an  increase  in  the  sulphates  and 
phosphates  in  the  urine. 

This  must  be  cauicd  by  the  increased  proteid  metabolism,  and  not  simply 
by  ibe  tlushiiig  of  the  tissues,  since  the  chlurid^t  aie  nut  increased  in  this  saiue 
rmlio. 

The  diflerent  N-mctabolites  are  not  excreted  in  the  nor- 
mal ratio. 

In  rrfie  eiperimcnl.  for  instance,  in  which  four  liters  of  water  were  admin- 
ered  in  iwenty-fnur  hours,  the  urea  was  increased  30J(»  whereas  ihe  uric 
acid  altnasi  dtnppeared. 
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If  the  consumption  of  water  is  kept  high  for  a  considerable 
time,  tlic  nitrogen  excretion  docs  not  remain  at  this  high 
figure,  but  returns  toward  norma]  until,  alter  Uircc  or  four 
days,  it  reaches  a  certain  level  somewhat  above  the  normal. 
at  wltich  it  stays  qtiite  constantly. 

An  increased  consumption  o(  liquid  may,  thereforr,  be 
said  to  cause  a  considerable  breaking-down  of  nitrogenous 
products,  which,  Uke  all  salt  actions,  show  most  strongly 
on  jjathologic  formations.  It  has.  in  other  words,  a  distinct 
alterative  etfect.  This  is  the  explanation  of  the  action  of 
certain  weak  mineral  waters. 

5.  Therapeutic  Uses. — These  all  rest  upon  the  alten- 
tion  in  nittab^jlism  ;  the  increased  secretion  of  urine,  of 
sweat,  of  nitrogen,  and  of  waste  products  generally. 

The  indications  for  its  use  as  dhtrctir  and  diaphoretic  are 
discussed  on  p^igcs  5  1 1  and  302. 

The  results  of  the  alterative  action  cannot  be  foretold 
Tljey  have  been  employed,  especially  in  the  treatment  ^ 
obesity. 


Ti  is  difficult  to  say  beforehand  whetlier  the  hrealting-down  of  protod 

mlcii  will  increuc  or  (iiminifth  \he  Imx1)>  fat.     If  il  is  onW  partkl,  it  Vif 

in  the  fomiMion  of  fat  from  the  |iroteidi ;  if  carried  furiner,  it  may  lokd  wtt' 
destruction  of  fat  as  well. 

The  effect  of  watery  baths  is  due  to  an  irritant  actiw 
upon  the  epithelium  and  to  the  reflexes  arising  through  tlai 

The  use  of  water  as  a  vehicle  must  be  mentioned.  It  i* 
ver>'  important  that  soluble  substances  be  given  in  sufficicnlij 
dilute  solutions,  when  it  is  desired  to  obtain  their  remote 
action  to  the  exclusion  of  a  local  action. 


VI.  THE  ACTION  OF  HVPERISOTONIC  OR  ISOTONIC 
SOLUTIONS. 

This,  although  it  exists  in  the  case  of  all  soluble  mtil^ 
cules.  can  only  be  studied  in  substances  which  do  not  cxcit 
any  marked  ion  actions. 

I.  The  effects  will  consist  principally  in  the  withdraw^ 
of  tlic  water,  in  the  dr\'ing  of  the  tissues.  To  this  must  t* 
added  the  penetration  of  the  salts  into  the  cells,  where  tbcy 
act  as  molecular  foreign  bodies,  and  where  they  may.  m 
addition,  cause  solution  or  precipitation  of  certain  of  the  cell 
constituents.  Through  osmotic  changes  they  will  also  Ic*^ 
to  the   removal   of  some  of  tlie  normal   salts,     The  fc» 
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[effect  of  these  changes  will  be  an  irritation,  nutritive  or 
[functional,  accordinij  to  the  nature  of  the  cell. 

Locally,  they  act  as  mild  irritants  witliout  destroying  the 
[  tissues. 

(a)  An  extensive  stimulation  of  the  skin,  produced  in 
this  manner,  and  the  reflexes  which  arise  from  it,  explain 
the  effects  of  sea  and  salt  baths. 

(b)  They  exert  a  smiilar  .stimulation  upon  the  walls  of 
the  alimentary  canal.  This  will  be  seen  principally  in  the 
stomach  before  they  suffer  tUlutioii.  Their  action  here  is  a 
deep  one,  since  they  will  stimulate  all  the  cells  with  which 
they  come  into  contact  in  the  course  of  their  absorption. 
Since  they  are  quickly  removed  by  further  ab.sorption.  they 
do  not  cause  any  permanent  chaiiyc.  In  this  way  they 
differ  from  the  majorit}*  of  gastric  irritants,  which  produce  a 
superficial  but  persistent  action.  The  stimulation  by  salts 
may.  therefore,  be  continued  for  a  ccnsiderable  time,  and  is 
frequently  very  useful  in  tlic  treatment  of  certain  cases  of 
"  atonic  "  dyspepsia. 

If  salts  are  given  in  larf^e  amounts  and  concentrated  form, 
the  irritation  may  lead  to  a  stronj^  inflammation— to  severe 
gaslfo-entcritis,  which  may  be  fatal  in  the  case  of  some 
,  salts. 

(c)  The  hyperisotonic  salts  are,  of  course,  reduced  to 
isotonic  solutions  before  they  are  absorbed  :  but  even  then 
tlicy  still  have  considerable  salt  action  on  account  of  the 
molecular  exchanges.  They  will,  therefore,  modify  metab- 
olism and  act  as  diuretics.  They  may  be  used  as  adju- 
ximts  toother  diuretic  measures,  but  are  especially  useful  in 
cases  of  dropsy  dependent  upon  metabolic  dcranj^ement 

The  quantitative  action  of  these  sidts  will  drjiend  not  only 
upon  tlic  absolute  amount,  but  also  upon  the  nature  of  the 
salt ;  those  existing  in  the  blood  in  the  least  amount  being 
the  most  active,  as  has  been  pointed  out  on  page  540.  Kor 
tins  reason,  the  potassium  salts  are  preferred  to  the  sodium 
salts  as  alteratives. 

j  The  action  will  also  be  influenced  by  the  diffusiHiify  of  ih^ 
salt.  It  is  evident  that  a  salt  which  Hoes  not  readily  pene- 
trate into  the  cells,  but  passes  the  kidneys  without  difficult)', 
may  be  excreted  entirely  without  influencing  metabolism. 

3.  The  effects  of  iatravenous  injection.     If  hyperiso- 
tonic solutions  arc  injected  directly  into  the  circulation,  their 
[  main  effects  will  be  upon  tlie  central  nervous  system,  Icad- 
35 
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ing  to  stimulation  and  then  paralysis.  The  eflfects  are  mainly 
upon  t}ic  medulla,  leading  to  the  same  symptoms  as  those 
produced  in  asphyxia. 

The  raolcculftr  coriceiitratioii  cf  Ihe  blood  may  be  almost  double  the  ooniu! 
in  animals  id  which  conu  has  been  induced  by  excision  ^^^  both  Itidneyx  Thii 
hyperisutuoic  conditiou  Is  Uiercfoie  jMrtly  respuujuble  fot  ihe  pheoENBeni  <d 
uremia. 

3.  Therapeutic  Uses. — The  effect  upon  the  tttftabiUism 
is  uncert^n  m  its  outcome,  as  is  the  case  with  all  alter- 
atives. 

The  dittrt'Hc  action  is  a  very  useful  one.  Its  extent  will 
be  proportional  to  the  amount  of  salt  introduced.  The 
latter  is  limited  by  tlie  tendency  to  gastric  irritation.  The 
salt  which  1ms  tlu:  ]ca.st  of  this  unpleasant  side-action  is 
potassium  acetate. 

The  irritant  action  upon  the  stomach  is  useful  in  SOOK 
cases  of  dyspepsia.     Small  doses  are  used  for  this  puqwse. 

With  larger  doses  a  nauseant  and  am'tk  action  appcirs, 
and  may  be  useful. 

If  the  salts  themselves  arc  readily  absorbed,  they  will  in- 
crease the  rapidity  of  absorption  from  the  intestinal  canal- 
If  they  arc  not  readily  absorbed,  they  will  act  to  some  ex- 
tent as  catlmrti<s. 

Since  the  action  of  salts  on  blood  causes  the  precipitation 
of  globulins,  they  may  be  employed  as  local  fumostatics. 
By  the  witlidrawal  of  water  they  render  the  conditions  un- 
favorable to  the  development  of  bacteria,  and  are,  therefore, 
used  as  prcsen'ati7>cs  for  meat,  etc. 

The  most  typical  member  is : 

J^^SiHtii  ChhndHm  fUS.P.,  B.P.).— .SWrnw  Chlcriit  fCoanaoa  SlJl)'- 
KaQ.     Soluble  in  3.8  porta  water,  almost  iasoloble  io  alcoboL 
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fB)  CATHARTIC  SALTS. 
I.  MANNER  OF  ACTION. 

The  above  salt  actions  on  the  body  cells — and  mctabolisffl. 
urine,  and  other  secretions,  etc. — occur  only  when  a  soluble 
substance  enters  the  blood.  Certain  soluble  ions,  howe^tr. 
arc  incapable  of  absorption,  and  these  exert  their  salt  actions 
in  the  lumen  of  the  alimentary  canal,  in  the  manner  de- 
scribed on  page  542. 

The  nxMt  important  preporationa  ore  mulced  ^*^ 


>RBABILITV   OF   IONS. 


547 


I 


I 


If  introduced  in  hypcrisotonic  condition,  they  will  draw 
'  fluid  from  the  body  into  the  intestine  until  they  are  isotonic. 

This  increase  of  non-absorbable  liquid  wil!  tend  to  stimulate 
.peristalsis  mechanically.  In  addition,  there  will  be  a  salt- 
'  stimulation  from  the  withdrawal  of  liquid  and  salts  from  the 

cells,  and  some  from  the  slight  absorption  of  the  salt  itself. 

The  total  result  is  a  catharsis — an   increased  quantity  and 

number  of  stools  of  very  liquid  consistency. 

Thr  qoe-Mionluubcen  raided,  and  ha!t^v«iTi.sc  tomuch  diKUiuion:  Whether 
tbb  duid  i»  dnwn  frum  the  umucs  ?  Tlits  will  de)>citd  u)X)n  hi>w  much  liquid 
there  is  almdjr  in  tbe  iDtestitie.  If  this  is  nol  suflkicni  tu  cause  the  }my\tCT 
diludoR,  the  tis<aicfl  sml  blond  will  undouhlcdly  be  drawn  upon.  The  funner 
is  perhaps  more  often  the  case. 

The  final  result  is  the  same  in  both  cases — <:atharsis  and 
a  diminution  in  the  water  content  of  the  body,  a  drj'ing  of 
the  cells  and  concentration  of  the  body-liquids.  The  last 
cither  direcdy  by  withdrawing  liquid  from  the  tissues,  or 
I  indirectly  by  preventing  the  absorption  of  an  equivalent 
amount  of  liquid. 

When  a  purely  cathartic  action  is  required,  nearly  iso- 
tonic solutions  would  be  fjiven ;  but  when  withdrawal  of 
b'quid  is  the  object  to  be  attained,  more  concentrated  solu- 
tions would  be  employed. 

Scmnrcly  any  of  diese  salt!*  are  abM>lutely  non-olMoibablc.  The  amount  of 
absorption  will  be  proportional  to  the  time  during  which  thry  rrmain  in  the 
inlettine,  sod  the  oeinotic  excbatiKes  lowhi^h  th«y  give  Tine-  It  will  ihvrcfure 
be  pTAteat  from  very  dilute  and  very  conceotraled  solutions,  which  must  be  re- 
dnccd  to  iauloay. 

1.  NONABSORBABLE  IONS. 

Any  soluble  substance  must  be  conceived  as  capable  of 
producing  a  salt  catharsis  in  projwrtion  as  it  is  non-absorb- 
able. But  this  may  be  modified  or  abolished  by  other  fac- 
tors. 

Or  noa-abmrbable  iont,  die  ienvy  mtttt/j  and  aiifm  produce  a  precipitsttun 
W  prolcidf,  aod  tn  this  way  an  iniiant  or  a:>trin}^iil  efTect.  The  earthy  metals, 
Ca,  Sr,  Ra.  areconreriM  into  insulublc  carl>  iiiaie!>.  Oxalates  oiicl  Fluuiids 
■re  specifically  toxic  to  protoplasm. 


»The  absorption  of  the  mart-  impiyrlant  Itms  is  as  follows : 
{a)  Of  the  Kations,  ammonium  is  the  most  rctidity  ab- 
sorbed ;  then  come  the  other  alkali  metals.  The  earthy 
metals  are  not  absorbable,  but  magnesium  is  practically 
the  only  non-absorbable  kation  which  can  be  utilized  as  a 
cathartic 
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(^)  Of  the  Atiiorts,  the  chlorids,  bromids,  iodids,  and 
acetates  are  rapidly  ab-sorbcd.  The  sulphates,  phosphates, 
tartrates,  citrates,  lactates,  and  malates  are  comparatively 
nort -absorbable,  and  tlierefore  possess  cathartic  properties. 

((■)  Of  uon-<iissoi'iablf  cattt pounds,  which  are  soluble  and 
non-absorbablc.  mention  may  be  made  of  certain  sugars, 
especially  mannite  ;  as  also  gums  and  pectins.* 

Whr  ccrttiin  ions  sbould  be  capable  of  absorption,  others  not,  cmniiot  be 

MttUfactority  expiained.  Although  recent  jnvettigatious  liavc  »hown  kkbc 
striking  Rnjilnpic*  between  ihc  nlwoqition  of  ion*  Sy  ilif  intesline  and  by  nnu- 
cle,  and  the  sulubility  of  tJicir  soups  and  calcium  mIis.  it  is  out  yet  clear 
whether  this  is  a  mere  coincidence  or  ha^  a  deeper  ineaniiig. 
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3.  THERAPEUTIC  USES. 

The  general  indications  for  cathartics  will  be  discussed 
in  Chapter  XXX,  E. 

The  catliartic  salts  differ  from  vegetable  and  metallic 
cathartics  in  causing  mucii  less  loca!  irritation.  They  arc 
therefore  especially  useful  in  general  inflammatorj'  condi- 
tions, such  as  fevers.  They  do,  liowever,  produce  some 
irritation,  and  \i  the  alimentarj.*  canal  itself  is  the  scat  of 
inflamniaticni,  this  must  be  reduced  to  a  minimum.  This 
may  be  done  by  giving  them  in  nearly  isotonic  solution— 
such  as  they  exist  in  the  natural  aperient  mineral  waters— 
Himyadi  or  Carlsbad,  etc. 

They  also  exert  an  irritant  action  on  the  stomach,  if  they 
remain  in  it  for  a  considerable  time.  For  this  reason  the)' 
should  be  avoided  with  bedridden  patients,  for  with  these 
the  passage  of  food  from  die  stomach  to  the  intestine  is  a 
rather  slow  one.  Some  exercise  is  always  useful  after  lad- 
ing salts,  and  this  ts  one  of  the  reasons  why  patients 
receive  benefits  from  salt-cures  in  watering-places  which 
they  fail  to  secure  at  home. 

because  of  this  slight  irritation,  they  are  preferred  for  the 
removal  of  liquid  from  the  body.  The  addition  of  a  snail 
amount  of  a  vegetable  cathartic — rhubarb  or  senna — seems 
very  useful.  The  "black  draft,"  or  compound  infusion  of 
senna,  is  a  very  good  preparation. 

Just  as  all  other  cathartics,  they  arc  of  use  in  inttsHf^ 
putrefaction,  by  removing  the  putrefying  mass. 

'  The  Utter  have  such  a  large  molecular  weight  that  they  cannot  exrrt  tf^ 
great  salt  action,  btit  produce  catharsis  mainly  mechanically  by  their  own  b«!t 
Tbey  fami  the  iaxatitu  /•rinrip/e  of  many  fruUi ;  other  fnitta  oontstn  ■•" 
nite  at  non-abwirbahle  acid  .viltx,  tartrates,  or  malates. 
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The  ch&ice  between  the  salt  cathartics  is  very  largely  de- 
termined by  their /<w/^.  The  sodium  sulphate  has.  perhaps, 
the  nujst  disagreeable  taste  ;  llie  maj^nesium  sulphate  some- 
what less  so.  Sodium  phosphate  is  perhaps  the  least  dis- 
agreeable. MgO  and  MgCO,  act  as  alkalies  as  well  as 
catiiartics. 

We  may  now  take  up  these  salts  somewhat  more  in 
detail. 

4.  SODIUM  SULPHATE. 

This  is  the  most  t\'pical  of  these  cathartic  salts,  being  but 
very  little  absorbed,  and  absolutely  free  from  ion  action.  It 
has  no  action  on  metabolism.  On  account  of  its  very 
bitter  taste,  it  is  not  much  used,  except  In  veterinary  prac- 
tice, but  it  forms  an  important  ingredient  of  many  mineral 
waters,  t*^..  Carlsbad. 

The  kidneys  are  even  more  permeable  to  sodium  sul- 
phate than  to  NaCI,  so  that  its  intravenous  injection  pro- 
duces a  copious  diuresis.  The  secretion  of  gastric  juice  is 
not  increased. 

The  antidotal  power  of  sulphates  to  carbolic  acid  has 
been  pointed  out  on  page  371.  If  the  phenol  has  already 
been  absorbed,  the  NaJaO^  must  be  given  intravenously  or 
hypodermically  (in  zfe  solution), 

5.  SODIUM  PHOSPHATE. 
The  phosphates  also  exhibit  merely  a  local  cathartic  salt 
action.  The  presence  of  phosphorus  in  nerve  tissue  sug- 
gested the  use  of  phosphates  and  phosphoric  acid  as  nerve 
stimulants.  There  seems  to  be  no  scientific  foundation  for 
this.  The  phosphoric  acid  of  the  urine  comes  almost  entirely 
from  the  phosphorus  of  the  nucieins  of  the  cells,  not  from 
food,  and  tt  is  doubtful  whether  the  small  amount  of  phos- 
pliatcs  absorbed  is  ever  utilized. 

Wbco  uijected  MibcuUncously,  they  arc  rapidly  exctetcil  tiy  the  intestine. 
T1»  feces  coDtain  pboftphate^  even  in  siarratjnn.  Milk  conlnin^  a  Inigr  pto- 
porlion  of  PjO..  and  it  i»  possible  tliai  llic  ndiuim^tiation  of  thca«  ult^  nii|[hl  be 
useful  in  loctaUun,  but  this  has  dd(  been  tlctnnnstralcd.  Tbc  Ddministmtjun 
of  phortphatet  bas  do  effect  on  nitnigen  metAbtiliun.  Intravenou-tly.  the  phov 
phatcs  sdmuUu  the  va^ruft  endings  similarly  to  thyroiodin,  and  ibey  have  been 
Tf"rTiv^  10  be  of  benefit  in  the  &«ine  cunditiuas. 


6.  MAGNESIUM  SALTS. 

Maf^estam  salts  arc  converted  into  the  acid  carbonate  in  the  snail  intes- 
tine, according  to  the  Cannula  : 

MgSO,  -i-  Na,CO,  -f  H,0  +  CO,  =  Mg(  UCO.),  +  N.^,. 
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In  so  far,  it  i>  quite  imnialerial  what  particular  mIi  l>r  given.  T^e  hjdnte, 
carbonate,  chlurid,  or  sulphnte  are  all  convertMl  itito  tills  cari>ooate.  Hew- 
ever,  in  ilie  cose  of  the  sululiate,  the  sodium  ftulphatc  which  i»  I'urmcd  is,  al 
counc,  also  cathartic,  so  tnat  the  eiicct  i»  doubly  large.  The  hydrate  i 
curbooatei  on  the  other  hand,  possess  also  the  action  of  alkalies. 

Wlien  taken  by  the  mouth,  magnesium  is  never  absor 
in  siifticient  amount  to  have  any  ion  action.  Injected  intra- 
venously, it  produces  much  the  same  effects  as  potassium: 
paralysis  of  the  heart  and  the  central  nervous  system. 

These  are  .••omelimes  seen  in  nniiunU  when  tlie  solution  contained  ia  tbc 
nianomclei  inadvcitcriUy  enteni  the  circulation.  Tbey  are  itsuaJIjr  not  vef7 
tasting,  since  the  excretion  is  quite  rapid. 


7.  FERRO.  AND  FERRI-CYANIDS. 

These  belong  to  the  typical  non-nhsorbable  salu,  and  are  entirely  fret  fioB 
c>'anid  ucliori.  They  arc  not,  however,  empluyed  as  cathartics,  wxt  tbi 
HCN  ouuld  a>ucci*ablj'  be  liberated  from  them  by  acid*.  They  ha»e,  indeed, 
been  very  little  uttidie^I. 

Kerrocyanids  foim  insoluble  precipitate*  with  most  roetaU  (Cu,  Ni,  ¥e,Ca, 
Z»)  and  with  Strychnin),  and  have  been  Migge&ted as  cbcmic  antklotu  lo  ikM 
poi»uns. 

8.  MATERIA  MEDICA  OF  CATHARTIC  SALTS. 

The  iffisf  of  these  is  4  to  30  Uin.  (I  to  8  drachms^  (tcaspoooial  M  a  l>U^ 
spoDnfuU)  taken  before  breakfast  in  a  Itunblcr  of  col<l  water. 

Cruile  Salts. 

So^ii  Suif^hiit  (II  S.P.,  'B.V.).—Giautffr'i  SaJf,—^itSO^  +  toH,0.  Soli- 
bl«  in  3  parts  of  water. 

,•,5^1/  J'/ioifiAas  (U.S.P.,  B.P.).— Na,HPO,  -|-  iaH,0.  SoIbN*" 
6  parts  of  water. 

.•^/V^.mV  rf  SffJit  Tartrat  (I'.S.P.)  \St^U  Tarlrat.i,  B.P.].— ^«i^ 
&7A.— KNbC.H/J^.     Soluble  in  t  %  pnris  water. 

Pfitaiii  BUaitroi  {\J.^.?.)  [PoLtisii  Tartnn  MiJus,  B.P.].— CVw«^ 
71i^/.»r._KHC.HjO,.     Soluble  in  aoo  parts  water. 

^*.Mn^'Meni  SitlfMai  (U.S.P..  B.P.).— A/i^jw  J^//i.— MgSO,  +  7H^'- 
Soluble  in  I JI3  parts  of  water, 

M'iptesi.t  (US-P.)  lAf'jgnttiaLmt,Z.?,'\.—Oai-imtJMagHiti«.—)ifi' 

^*.Afaguejia  Pn„,{ercia  (I'.S  P.,  B.P.  ).—Mfavr  Maffuna,—)A^.  ttf 
pared  oy  rubbing  light  mngneMa  in  the  pre»ence  of  oJcohnl. 

Afagnmi  i'jrhoHns  (U..S  P-t— (MKCO,)4MgtOH),  +  5H,0. 

Afagnisii  Carhouai  Lffii  (B.P.). 

Magtuiii  CarSonai  Pemdtrpsui  (B-P.). 

Effervesdne  Salts. 

,%  Pukns  Efrrvtuem  Comf^'ntut  ( l^  S  P, )  [  /VftVi  SpAi  Ttrtr^M  £fi^ 
Vffcfns,  B.P.]. — SfiW/i/t  Poit^rr. — The  blue  pajwr  c^mtaint  Rochellc  Salt  «■ 
Sod.  Bicarb.;  the  while,  tartaric  acid.  F.ach  is  to  be  diawU'cd  sepantc^l'i' 
ft  little  water,  the  solution  mixed  in  a  large  tumbler,  and  dnmk  whilst  ao- 

vescing. 

The  most  important  preparations  are  matl:e<l  ^\. 
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The  dose  of  the  other  efierrescent  salts  is  one  to  two  teaspoonfuls,  dif- 
soWed  ID  cold  water  when  needed,  and  drank  immediately.  All  the  above 
salts  are  prepared  in  effervescent  form  by  manufacturers.  The  following  are 
<^cial  in  the  respective  Fbarmacopceias  : 

U.S.P. 
Lithii  Citras  Effervescens. 
Magneai  Citras  Effervescens. 

B.P. 
Lithii  Gtras  Effervescens. 
Magnesii  Sulphas  Effervescens. 
Sodii  Citro-tartras  Effervescens. 
Sodii  Phosphas  Effervescens. 
Sodii  Sulphas  Effervescens. 

Liquid  Preparatioiu. 

^^Liquor  Magiusii  CUratis  (U.S.P.). — An  effervescent  preparation. 
D0se  :  60  to  250  c.c.  (2  to  8  ozs.). 

Liquor  Afagrusii  CarbonatU  (B.P.). — A  z^  carbonated  solution.  Dost . 
30  to  60  C.C  (I  to  6  ozs.). 


CHAPTER  XXV. 
ION  ACTION  OF  SOLUBLE  SALTS. 

I.  GENERAL  CONSIDERATIONS. 

The  great  importance  of  salt  actions,  resting  upon  purely 
physical  processes,  must  not  be  allowed  to  overshadow  the 
ion  action  possessed  by  the  constituent  elements  of  these 
salts.  The  specific  actions  of  such  •violently  active  ions  as 
those  of  the  cyanids  or  alkaloids  are  too  conspicuous  to  be 
overlooked ;  but  there  is  much  more  danger  of  this  over- 
sight in  the  case  of  substances  possessing  a  weak  action, 
such  as  sodium,  potassium,  calcium,  etc.  Indeed,  these 
cannot  for  the  most  part  be  studied  on  intact  mammals ;  for 
if  injected  in  hyperisotonic  solutions,  they  are  obscured  by 
the  salt  action ;  and  if  given  in  weaker  solution,  they  are 
excreted  too  rapidly  to  exert  any  action. 

The  labors  of  numerous  investigators  within  recent  years 
have  served  to  point  out  the  importance  of  the  ion  action  — 
even  with  ions  which  were  formerly  considered  as  indiffer- 
ent, such  as  the  Na. 

I,  The  function  into  which  the  ion  action  enters  most 
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prominently  is  the  rhythmic  contraction   of  the   cardiac 
muscle. 

A  frog's  heart  may  be  kei>t  beating  for  a  very  long  time  if  perfused  witi 
Ihe  htiKxl-.wrum  uf  n  hcrbiviiruiui  ojinnitl.  If  an  isotunic  »oluUoa  of  «  twa- 
dis90ciiible  compound — ituch  ss  urcA  nr  sugar — is  Miturtitutcd  for  thik,  the  oon- 
Iracttons  ccuse  in  a  short  time.  The  btats  are  no(  therefore  susUiDrd  bjrjt  toll 
action.  If  ftn  isutonic  NaCI  ftolutiun  i»  substituted,  they  wilt  coulinue  fota 
longer  time,  but  will  <:ca-sc  quite  early.  t)nL-  might  perhaps  be  temptcti  to 
suppose  that  this  dcleteritius  action  is  due  to  the  ab!>cncc  uf  colloids — and  iIk 
addition  uf  gum  arabic  •Ji>c5,  indeed,  prolong  the  coutnictility  sumewhai ;  tml 
something  is  cvidcnily  still  wanting.  Numtrou-s  rxpcrimenlk  hare  shown  thu 
sotncthing  lo  be  C;i  and  K  salts,  in  certain  proiiortions. '  i  Of  course,  the 
heart  wiiralMi  sci>p  eventually  in  this  case,  as  soon  as  llic  stock  of  uuiritiie 
tnalenal  in  its  intemices  is  exbauAted. ) 

One  of  these  salts  alone  is  not  sufficient,  and  the  heart  die«  very  rapidly 
when  perfused  with  a  pure  stilulioQ  of  any  of  these.  Similar  eftects  have  been 
noticed  in  rhythmic  contractions  of  sicelelal  muscle  and  in  Mcdusc. 

Sea  animals  arc  very  ap]tro[>rinte  subjects  for  this  study.  If  they  arc  placed 
in  pure  NaCI  solution  uf  the  same  conccntmtion  as  sca>«ater,  they  die  itty 
quickly  ;  whereas  iHey  survive  if  the  same  quantity  of  NaCI  ia  added  lo  Ht' 
water,  nearly  doubling  the  concentration  of  the  latter.  Here,  aWi,  ihe 
aaimal  will  live  In  jMire  NaCI  if  some  CaCl  and  KCI,  arc  added^-coe  aiuw 
not  being  effective. 

a.  Theory  of  Ion  Action. — Tliis  ion  action  must  in  all 
cases  be  conceived  as  cliemic  and  not  aa  pliysical. 

We  are  at  pre»ent  unly  too  much  accustomed  lo  cotuidcr  the  "  ioorpak 
Mits"  as  mere  admixtures  of  the  prnteid,  serving  a  Trterelv  phyxtcal  purpoK. 
None  the  lesj,  there  is  nothing  to  prove  that  the«c  element*  exist  in  the  pr<fr 
plasm  eirluMVety  in  the  form  of  salts  as  they  are  found  in  the  ash.  Theie  b 
really  every  reason  to  assume  the  contrary.  It  is  much  more  likely  that  tW 
NaCI  exi.sis  partly  as  sodium  albuminate  and  as  albumin  chlorid.  The  coO' 
bination  of  iron  in  heiuoglobin  ih  a  familiar  example  of  the  altered  stale  of  ■* 
element  in  organic  combination.  Tlie  withdrawal  of  these  cteroenis.  or  thrtt 
replaccmeni  by  others,  must  be  assumeti  to  modify  profoundly  the  propertin 
nf  the  protcid  basis,  and  (o  alter  the  function  of  the  cell  or  to  kill  it  onlrighl. 
Thus,  skeleial  muscle  u>udlly  res|Mmils  lo  stimulation  by  but  &  single  rontnc- 
tton.  But  when  placed  in  one-eighth  ttonual  NaCI,  rhythmic  coatractjoai 
appear  and  last  for  several  hours. 

Elements  which  stand  vi-ry  near  chemically  have  a  totally  dtfsimiUr  in 
action.  The  neutralizing  effects  of  Na  and  K  fur  animals  have  already  beea 
mentioned,  Plants,  again,  arc  able  to  do  without  any  Na;  but  K  is  abjiolnldy 
oecessary  to  them,  and  cannot  be  replaced  by  any  other  alkali  nwial. 

According  to  one  theory,  K  is  much  more  powciful  in  "  condcnstiig "  or- 
ganic molecules;  thus,  fusing  alcnhnl,  C,HjOIt,  with  KOH  wilt  oandrntc  il 
to  CjIIjlOII),,  whilst  fu«ion  with  NaOIl  would  acidiie  it.  Such  cof»iknw 
Uons  occur  in  plants  in  the  fonnaiion  of  fats,  cartMhydiates,  aiw)  {ifxtieidii 
there  is  less  of  this  in  animal  cclU,  and  they  do  not  require  Af,  much  K.  i*r 
and  Mg  are  toxic  by  replacing  Ca  ;  uialates  and  fluorids,  by  rendering  it  i«- 
solublc.  Mg  is  also  an  esscolial  conijioncnl  of  exlra'Duclcar  pcnli.')]>butn.  In 
usefulness  tica  perhaps  in  the  ease  with  which  Jta  oxnpounds  are  dismciateA, 

'  Ringer's  Fluid  has  been  fonnd  best  for  this  purpose.  It  has  the  fdkm- 
iog  composition  :  lOO  c.c.  0,75  fij.  NaCI ;  5  c.c.  0.25'^  CaOl, ;  2.5  c.c.  a5t 
NaHCOj-.  0.75  c.c.  1^  KC).  A  simpler  ami  still  sufhcienl  forrnuU  is:  lOO 
C.C.  of  0.75%  NaCI  solution,  saturated  with  calcium  pbospliate;  wid  1  ccof 
B2^  KClBoluiian. 
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ra   this  way   to   "transmit" — i.r.,  tcmponrily  take   care  of — acid 

It  b  probable  that  all  sails  pnxiacc  their  ^pccilkr  aclion  in  tlie  ioD  form, 
am)  not  as  molecoles,  It  will  be  wtn  that  metAls  are  only  tuxic  if  cliMocinble 
into  ioRA ;  and  it  has  been  shown  on  luwcr  orgnnismc  that  th«  degree  uf  tox- 
icity ib  prupurtiuiiai  lu  ibt-  aiuuunl  of  dMsociatiun  wliich  Rctunllvexl^tA.  (Ilius, 
the  toxicity  of  CuSO|  to  Feniciliiutn  is  dimini^bc<l  by  the  addition  of  Na^O^ 
to  the  lolutioa — the  latter  diminishing  the  number  of  free  Cu  ions.  J 


I 


■e 
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II.  SODIUM  AND  CHLORID  IONS. 

The  least  toxic  of  tlic  iuns  arc  lliosc  of  Na  and  CI ;  their 
combinations  are  therelorc  chosen  wlien  it  is  desired  to 
study  the  action  of  other  ions.  The  latter  cannot,  there- 
fore, be  quite  pure,  but  are  mixed  with  the  eflTccta  of  Na  or 
CI.  However,  since  the  latter  form  such  a  large  portion 
of  tlie  chcmic  medium  of  organic  nature,  and  are  always 
resent,  forming  a  requirement  of  normal  functionation,  this 

not  modified  by  the  introduction  of  a  slight  additional 
quantity. 

It  will  be  found  that  the  peripheral  ion  action  of  most  of 
the  alkalie-s  and  halogens  brings  them  into  the  group  of 
Atropin-Muscarin. 

We  shall  now  discuss  the  other  ions  in  order.  The  free 
adds  and  alkalies  show  mainly  the  action  of  the  H  and  OH 
ions,  and  will  be  taken  up  under  a  separate  heading. 


in.  THE  POTASSIUM  ION. 

The  effects  of  this  consist  in  a  depression  of  the  central 
nen'ous  system  and  of  all  kinds  of  muscle. 

Tlie  central  nen^ous  system  is  paralyzed  in  its  whole  ex- 
tent The  reflexes  suffer  first,  then  the  medulla.  Depres- 
sion of  the  respiratory  center  leads  to  asphyxial  convulsions. 

The  heart  is  stimulated  by  small,  fatigued  by  medium^ 
and  paralyzed  by  large,  doses.  This  is  seen  even  in  the 
nervc-free  heart  of  the  chick's  embryo,  and  is  therefore 
muscular.  In  mammals  it  develops  sudden  slowing  and 
irregularity,  and  then  stops,  usually  before  the  respiration. 
The  blood  pressure  remains  high  during  the  convulsions, 
on  account  of  the  latter  (for  it  falls  in  curarized  animals). 


^nX), 


'  Tlie  following  wit  ions  are  absolutely  neccswry  to  plants  :    K.  Mg,  PO„ 
>i  iNa  and  O  arc  not  neccsiary) ;  Ca  to  all  but  the  lower  fungi  and  aign-, 

Mn  forms  an  essential  constituent  of  vegetable  nxtdiidng  enzymes.     NO]  and 

S<-i,  act  as  natrient*. 

Ami-Ral,  require  Na,  tl,  COj,  Ca,  K.  Mg.  1.  Fc.  I*0..  SO..     It  i*  rery 

donbtful  whrlber  other  elements  exisling  only  in  imcci  (sucli  as  Kl)  are  ncccs- 

wcft  or  merely  acddetUal. 
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The  skeletal  muscks  become  weakened  and  lose  their  irri- 
tabilit}'.  A  cr>stiil  of  KCl  applied  directly  to  the  intestine 
causes  a  local  constriction  rinj^  (muscle  stimulation),  whereas 
a  crj'stal  of  NaCl  causes  relaxation  above  and  constriction 
below  ;  ;.  **.,  a  true  peristaltic  reflex  (see  p.  207). 

Th«  fiyniptoms  nrc  only  scvw  in  munmds  if  a  pr>tvMum  salt  is  in)KKi{l 
directly  into  the  circulation  ;  they  are  very  ^mnll  if  the  salt  is  inttoducc^  ^lip^  J 
demiically,  ujiil  do  iioL  appear  at  all  if  il  is  taken  by  the  stumach  (etc«pt  whrBJ 
ihcy  produce  C"rTO«on).  The  rcoMin  lies  In  the  very  rapid  cxcreudii.  Th«J 
polAViiiim  si  I  Is  are  largely  responsible  for  tbe  toxinfy  0/  uriiu^  mnA  foi  (he] 
piKUOiiicua  of  uremia. 

The  potassium  ion  has  not^K  present  any  therapeutic  mdi- 
cnliou,  since  the  effects  cannot  be  obtained  by  oral  adminis- 
tration. The  nitrate  (p.  $65)  and  bromid  (p.  558)  arc  ex- 
ceptions to  this.  On  account  of  its  being  so  largely  a 
"foreign  ion"  it  possesses  a  mort' pronounced  a/terath'e sa\x 
action  than  Na. 

The  other  members  of  the  alkaline  group — Utlliuni, 
ruMiiium,  casiuui — have  practically  the  same  action.  Thcj 
are  of  no  great  practical  importance.  Lithium  is  the  only 
one  of  interest,  and  possesses  an  action  midway  between 
potassium  and  sodium.  It  slightly  increases  the  N  excre- 
tion. Potassitim  and  Li  urate  are  more  soluble  than  the 
urate  of  Na,  so  that  Li  or  K  salts  (acetate  or  nitrate)  arc  in- 
dicated in  ^out  and  litkiasis. 
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IV.  AMMONIUM  ION. 
(Tlic  group  NH^.) 

The  ion  action  8ppeAr<;  in  the  ammoniunt  luilts.  The  hytlreie  (cnuu*"^ 
hav  o^n  almnst  pure  alkali  action,  and  will  be  t^udied  later.  The  km  >itx* 
alMJ  appear*  in  the  ot-^anif  ■unmonium  luttei — the  anii^U  and  amin* — in  •I** 
Ihc  \\  of  Nil,  ha*  been  replaced  bv  ordnnk  radicle*. 

I.  AcHons.— (A)  PeHpherai  Nerve  Endlnfcs.— It  will  be  km»^ 
bercd  that  the  ominonium  bases  were  discunsed  with  the  muMmn  ^**^ 
with  which  they  shnred  the  slimulation  of  the  cardiac  va^m  emJtt^  *»''  * 
cHtitrf  atlian  on  !>lri]H-(l  iiiuHrlts,  These  |>eriphenil  actions  air  mncn  '^^ 
conspicuous  with  the  inorganic  anunoniuius.  tlie  stiinulatkin  ol  the  ct^i'*' 
nenrous  sy&tem  bciny  much  more  prominent  with  the  tatter. 

The  most  important  preparations  are  marked  «*^ 
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(B)  The  action  on  the  central  nervous  system  consists  of 
a  sHmulaiion,  especially  of  the  mcduila  and  spinal  cord.  The 
br^n  is  rather  depressed,  so  tliat  there  is  somnolence. 
The  main  effects  are  on  the  medulla.  The  nspiration  is 
momentarily  arrested,  then  quickened,  and  Hnally  stops  in 
respiratory  tetanus.     The  circulation  usually  shows  a  slow- 

■  ing  of  the  pulse  from  stimulation  of  the  vagus  center;  at 
times,  however,  tliere  is  a  quickening,  in  consequence  of 
convitlsions.  When  it  is  injected  intravenously,  there  may 
be  a  temporary  quickcnin|T  from  chemic  stimulation  of  the 
heart     Very  Urge  doses  may  paralyze  the  cardiac  muscle 

■  in  this  way.  There  is  always  a  rise  of  blood  pressure  from 
stimulation  of  tlie  vasomotor  center,  involving  especially 
the  aplanchnics. 

■  TeUinus  or  convulsions  appear  rather  late.  Their  scat  is 
mainly  in  the  spinal  cord,  and  they  re.semble  strychnin  spasms 
to  a  very  great  extent.     There  is.  however,  coma. 

(C)  The  ammonium  ion  has  a  very  marked  action  in 
increasing  the  secretions,  especially  saliva,  mucus,  and 
sweat.  The  diaphoretic  action  is  entirely  central.  The 
action  upon  saliva  and  mucus,  however,  is  broujjht  about 
by  a  number  of  factors:  (i)  By  a  rcjfcx  stimulafion  from 
mucous  membranes  due  to  a  salt  action,  which  is  ver\'  larjje 
in  the  case  of  ammonium  salts,  as  they  penetrate  ver)' 
easily;  or,  in  the  case  of  ammonia  water  and  ammonium 
carbonate,  tliis  is  brought  about  by  the  alkaline  caustic 
action.  (2)  Direct  stimulation  of  the  secreting  centers.  (3) 
Locat  salt  action  upon  the  secretory  cells  themselves.  This 
is  especiaUy  large  since  the  ammonia  salts  arc  excreted 
largely  into  the  mouth  by  the  salvia,  as  al.so  by  the  lungs, 
mainly  in  the  form  of  carbonate.  In  this  way  the  local 
action  is  exerted  twice,  when  the  salt  is  applied  and  when 
it  is  excreted.  (4)  This  excretion  in  the  form  of  carbonate 
also  tends  to  liquefy  the  mucus  on  account  of  the  alkaline 
action. 

Tbe  mttkyl  amtatemumi  fonned  by  the  substitution  of  the  H  atoms  by  CH, 
b*vc  ftctions  closely  resembling  tbe  above.  difTering  mainly  in  a  lesser  nciion 
^—  on  the  cuduc  muscle. 

B  3.  The  toxicology  of  ammonia  is  really  limited  to  ammo- 
nia water  and  ammonium  carbonate,  and  these  act  not  by 
their  ion  or  salt  action,  but  by  their  caustic  alkaline  action 
(Chap.  XXVIII,  A). 

Tbe  ion  action  of  other  ammonium  salts  has  no  toxico- 
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logic  importance,  since  tliey,  like  potassium,  arc  absorbed 
too  slowly  and  excreted  too  rapidly  for  the  ion  action  to 
come  into  play  at  all.  Further,  tlie  greater  part  of  the 
ammonium  ion  is  not  excreted  as  such,  but  is  rapidly 
t'lrtid  into  una,  according  to  the  formula  : 


^NH,  .NH,       H,0 


Two  molecules  of  water  are  split  off  from  the  ammomurn 
carbonate  and  urea  remains.  This  liberates  the  acid  ion 
with  which  the  NH,  was  combined  :  this  will  seize  upon  thir 
free  fixed  alkali  of  the  body,  and  lead  to  a  diminished 
alkalinity  of  the  scrum.  In  this  wa>'  any  excess  of  ammo- 
nia introduced  into  the  body  is  very  soon  eliminated,  or  at 
least  ceases  to  act  as  ammonia. 

Uut  when  tltc  traoii  forma  lion  of  Ammoaia  iQlo  ureii  is  interfered  with,  » 
autoiHtosifatiatt  may  nhv?,  wifh  •^ymptom^  nnaU^ms  lo  ibuse  pfwluod  bf 
anitnoninm  compoiintls.  Somr  ftmmnTiia  compound  \s  |>robably  a  DonmJ  Eoir- 
runrrt  of  urea  Whsii  this  compvund  in,  docs  not  ippcnr  very  plain.  b«H  ow 
which  ho^K  been  suggrMrrl  i«  nmtnnnium  carbarainate.  llic  •iplitling.offof  tkc 
H,0  frum  this  yields  urea  : 


con-  I 


..NH. 


CO^  —  H-0  =  CO  <Sj„- 


This  transfonnalion  Ulces  place  to  (he  largest  cxteot  io  Uie  liver  as  the  icadi 
of  the  action  of  a  ferment.  When  this  nr^ran  docs  n>}4  functionnte  T)r>ipcd7t 
the  dehydration  may  not  take  place,  and  if  there  is  ad  Addition  of  II.(  >  in«tn>t 
ammonium  carhonalc  rcsiilfs  This  may  give  rise  In  al  least  some  <>l  the  -ynp 
loms  which  are  nr>uced  in  caries  nf  disease  of  the  liver.  The  sympbaBf  « 
uremia  alKi  resemble  those  of  ammonium  poisoning,  Howe'ver,  the  annaoil 
is  col  increased  iti  ttic  blood,  in  either  uremia  or  in  acute  yellow  atnifibf  of 
the  liver.     A  iiumble  incrcaae  occur  in  diabetic  coma. 

3.  Therapeutic  Uses. — The  properties  which  have  « 
therapeutic  importance  are  the  stimulating  cflTcct  upon  the 
central  nervous  system  and  the  local  action  upon  sccrr- 
tion.  The  stimulating  effect  upon  the  cfntral  fun'i^ai 
system  may  conceivably  be  a  direct  nnc,  but.  as  has  been 
pointed  out,  this  must  be  very  slight,  for  the  ion  docs 
not  remain  in  the  body  a  sufficient  length  of  time  to  exert 
any  marked  action.  To  attempt  to  modif)'  the  effect  of  ar 
acid  by  giving  it  as  an  ammonium  salt  is  scarcely  sdcntjfic . 
for  besides  the  quick  excretitm.  the  amount  which  could  be 
given  in  tliis  way  it  too  small  to  have  any  influence. 

Ammonia  water  and  the  carbonate  have,  however,  a  vtrTf 
marked  stimulating  effect  upon  the  central  nervous  system* 
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but  this  ts  reflex  and  is  dependent  only  upon  the  local  caustic 
action,  enhanced  by  their  voiatilit>-.  This  reflex  stimulation 
— wliich  is  shown  mainly  on  the  medulla — can  be  produced 
I  by  other  means,  but  tlic  inhalation  of  ammonia  is  one  of  tlie 
most  efficient.  Thcaromjitic  spirits  of  ammonia — 15  to  30 
drops  to  the  tumbler  of  water — is  one  of  the  best  ways  of 
producing  these  effects.  In  the  form  of  smelling  salts  it  is 
frequently  used  in  fainting  and  \\\  shock. 

The  stimulation  of  the  rcspirati*ry  center  is  useful  in  cough, 
asthma,  edema  ofthe  lungs,  pneumonia,  or  any  case  where  the 
respiration  is  interfered  with.  The  stimulation  of  the  sxeeat 
centtr  is  useful  as  a  diaphoretic  measure,  in  colds,  fever,  etc. 
(sec  p.  304).  For  this  puriwse  the  Liquor  Ammonia:  Aceta- 
tis  is  employed  ;  this  is  probably  absorl^d  somewhat  more 
readily  than  other  ammonium  salts,  so  that  there  is  perhaps 
some  direct  stimulation  of  the  central  ne^^'OUs  sj'-stem. 

The  local  "  expectorant  "  action  and  the  increased  secre- 
tion of  mucus  have  already  been  discussed  and  the  manner 
in  which  this  is  produced  pointed  out;  that  Is  to  say,  by 
reflex  irritation,  possibly  some  direct  stimulation  of  the 
centra!  ner\*ous  system,  by  the  salt  action,  and  the  excretion 
of  ammonia  in  the  form  of  ammonium  carbonate.  These 
probably  suffice  to  explain  tlie  almost  sjx-cific  action  upon 
the  secretion  of  mucus.  Tliis  is  increased  in  amount  and 
rendered  thinner  and  less  tenacious.  When  it  is  desired 
to  affect  the  secretions  low  down  in  the  trachea  and  bron- 
chioles, the  anmionia  salt  is  ver)'  frequently  administered 
in  the  form  of  inhalation  of  ammonium  chlorid,  produced 
in  a  finely  divided  state  by  bringing  together  the  vapors  of 
ammonia  and  hydrochloric  acid.  This  can  be  inhaled  to 
the  finer  dinsions  of  the  bronchi. 

The  somewhat  .stronger  salt  action  of  concentrated  solu- 
tions of  ammonium  salts,  leading  to  gastric  irritation  and 
vomiting,  has  been  discussed  with  the  emetics  (.sec  p.  326). 

Ammonnnii  chloiid  has  alao  been  rKoauncodcd  «•  s  specific  in  trupical 
dyseotery.  The  namber  of  obserrstions  upon  it»  aw  i»  bardlv  sufficient  to 
lulcc  %  fifttl  dednon  as  to  its  value.  This  coaI4  only  be  explained  by  a  fpe- 
dfic  toxic  iction  on  the  amcrba  coli. 


f     4.  Materia  Medica.— 

•.^«MM»f  r^ir^MM/tU.S.P.,  B.P.). — {HortfAprm,  Baktt't  Ammtmia, 
Sat  IWtA/*).— NH,HCO,.NH, MijCO^  Soluble  in  5  part*  water.  Dw : 
ai3  to  1.0  Gm.  (2  to  15  gntnvi.  largely  dilutAl 


Tbe  meet  iaaponam  dnigi  ai«  maiked  ^*^ 
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^^Spiri/m  Amm»HUt  Arfmatitus  (U.S.P.,  B.P.). — [Aramatte  Ammuttis)  i 
Ammoo.  Curb 34  v 

Alcnhnl 7*^^  1  ■ 

Water  to 100.0  /  f 

^*^  Affimonii  CAhriJum  (U.S  P..  B.V.).— [Sal  Ammoniac.)— So\v\iU  in  3 

MrU  water,  almost  insot.  in  oloobol.     M>qu  :  0.06  10  3  Gn.  ^l  to  30  gnia*;. 

Best  given  in  the  form  of:  h 

.*#  TViKhisd  AmmoHii  ChhriJi  fU.S.P.)-— F-*cl>  o- »»  Gm,  (3  psiu).  ^ 
^•^JLi^twr  AmftffMu  Arrfa/it  (VS.?  ,    B.P. ).— (^iri/«//    .VtrnJ^rrn) — 

Made  when  required  by  neutral izinjf  Animoiuum  Carbonate  with  .\ceticA6d. 

Dou  :  %  to  30  cc.  (^  to  S  drachnu)  i^diapborctic).  ■ 

V.  THE  BROMID  ION.  ^^ 

I.  The  action  of  this  is  prccistrly  the  opposite  of  that  of 
ammonium.  It  consists  in  a  depression  of  tlie  centraJ 
nervous  system,  similar  to  that  produced  by  potassjum. 

The  txpfrimentai  Jala  in  regRrd  to  thi*  action  are  as  jet  very  nniatiifac- 
torf.  The  tluoo  which  can  be  introduced  do  nut  produce  any  deciMtre  nbcao- 
mcno  in  aniinalt.  The  mo5t  conspicuous  effects  are  obserred  in  rpilepif. 
Rut  here  ihe  K  Br  i&  fftr  muit:  efficient  than  NnBr;  and  unce  other  K  ulb  ibo 
eiiert  a  »iiiii!nr  actiun,  aumc  iiuthunt  bove  rc^anltd  the  Br  iun  as  cntinrlv  na^ 
live.  ']'hi*  dfics  not  iIq  justice  (o  the  cWdcncc — for  thew  other  K  wltj  lie 
much  Ic^s  eHLcicnl  Uian  the  brumid,  and  NaBr  is  also  eficctive.  I'he  K  itdiii 
bowevcr,  and  KBr  are  always  jireferred. 

In  any  case  the  action  of  the  Br  ion  is  small,  and  coo-  \ 
sists  in  a  depression,  rather  tlian  in  abolition,  of  function. 
The  action  is  studied  in  much  the  best  manner  in  nun,  be- 
cause shght  changes  in  the  central  nervous  system  arc 
extremely  difficult  to  observe  in  animaU.  In  man  it  leads 
to  depression  of  mental  activity  in  general,  but  certMO 
kinds  are  much  more  readily  influenced  llian  others.  These 
differences  have  not  been  sufficiently  studied.  The  defect 
seems  to  be  in  appreciation  rather  than  in  perception ;  just 
as  in  the  case  of  morphin,  it  seems  that  the  stimuli  rcadi 
the  brain,  but  are  not  ai>prcciated  in  the  ordinarj'  nunner- 
But  the  power  of  observation  is  not  interfered  with  in 
moderate  doses.  In  the  case  of  reflexes  it  seems  to  bctSc 
connecting  liuk  between  the  central  cells  which  suffers,  so 
that  the  main  effect  is  not  upon  the  piimary  reflex,  but 
upon  other  reflexes  which  may  arise  from  this.  So  al»» 
stimulation  of  the  motor  areas  which,  under  the  conditioiB 
of  the  experiment,  gives  rise  to  general  epilqitiform  convol- 

The  most  importADl  prtparatioos  are  marked  «**. 
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sions,  will,  after  the  administratioi^  of  a  bromid.  he  confined 
to  the  area  directly  stimulated.  If  a  bromid  is  administered 
to  animals  under  strychnin,  the  effect  of  stimulation  docs 
not  have  much  tendency  to  spread,  whilst  the  primary 
reflex,  say  tlie  patellar,  will  still  be  exaggerated.  Although 
the  main  interference  is  with  the  spreadinjj  of  the  impulse 
to  other  parts,  the  direct  rcflixes  are  also  diminished.  This 
was  utilized  before  the  days  of  local  anesthetics,  for  in- 
stance, in  the  examination  of  the  throat. 

Large  doses  of  potassium  bromid  may  have  an  action 
upon  the  heart,  depending  entirely  up<in  the  potassium  ion, 

a.  If  the  administration  of  bromids  is  continued  for  a 
considerable  length  of  lime,  there  results  a  scries  of  symp- 
toms grouped  underthename  '*bromisin.'*  These  depend 
on  a  local  irritant  action,  which  Bud.")  exprcssiun  in  gastritis, 
in  acne,  in  coryza,  etc.  It  is  due  partly  to  the  salt  action 
of  the  bromin  salt,  also  probably  in  part  to  a  decomposition 
of  the  bromid,  with  liberation  of  bromic  acid  and  bromin,  by 
the  free  acids  existing  in  these  situations  :  in  the  stomach, 
hydrochloric  acid;  in  the  mouth,  large  quantities  of  car- 
bonic acid  ;  in  the  skin,  especially  the  acid  secretions  of  the 
sebaceous  glands.  It  is  favored  by  insufficiency  of  the 
kidney.     It  is  more  easily  produced  in  old  age. 

3.  The  excretion  o^  the  bromid  begins  very  quickly, 
but  lasts  for  a  verj'  long  time,  traces  appearing  in  tlio  urine 
for  over  sixt>'-fivc  days.  The  main  amount  is  found  in  the 
bIoo<l.  and  next  to  this  in  the  brain  and  kidneys  ;  the  liver, 
bile,  and  spleen  are  free  from  it.  This  slow  excretion  lends 
support  to  tlie  tlieory  that  the  bromin  enters  into  combina- 
tions in  tlie  body,  and  it  is  vcr\'  likely  tliat  it  may  to  some 
extent  take  the  place  of  the  chtorin  in  its  protoplasmic  com- 
binations. The  excretion  of  chlorid  is  increased.  The  ad- 
ministration of  NaCl  quickens  the  excretion  of  the  lir,  and 
lessens  the  symptoms  of  bromism. 

\crf  likely  tbc  icm  oclion  di^pcrnds  upon  ihls  substiLutioa  of  bromio  for 
chlorin.  'l*be  H|0|  of  the  uriiit*  is  iMiniewhiil  diminished,  the  N  increuctl, 
but  Ihe  metabolic  action  U  noc  large. 

The  bromin  action  can  only  be  obtained  from  fairly  large 
doses,  is  always  ratlier  small,  and  is  not  usually  seen  until 
the  administration  has  been  continued  for  some  time. 

No  effect  can  be  expected  rrom  the  bmmin  in  salts  which  are  naed  in 
■nail  <lose« — '■/"-.  bmmid  of  miinin,  of  arfienir.  etc.  In  these  it  can  onJy  be 
useful  by  iofloeociiig  the  solubility  or  dissoctabtUty  of  the  compuund. 
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The  effects  of  the  continued  administration  of  broodds 
consist  in  an  exaggeration  01'  tlie  effects  observed  alter  a 
single  dose.  There  is  dullness,  bad  memory,  somcbmcs 
a[)ha.sia  ;  and,  in  general.  lowered  activity  of  the  central 
nervous  system.  Partly  on  account  of  this,  (>artly  on  ac- 
count of  the  gastritis  and  general  irritant  action,  there  is  a 
lowered  resistance  on  the  part  of  the  patient  All  these 
symptoms  seem  to  disappear  quite  quickly  on  the  with- 
drawal of  the  drug,  persisting  only  a  little  longer  than  the 
bromin  remains  in  the  body. 

4.  Therapeutics.  —  Bromids  are    used   mainly   against 
epileps)'.     Tlicy  were  introduced  for  this  purpose  in  1853. 
They  do  not  seem  to  be  efficient  in  all  cases,  probably  be- 
cause epilepsy  has  different  causes.     The  successful  cases 
amount    to   soniL-thitig  like  90^^    in  idio])athic    epilepsy.' 
Large  doses  must  be  employed  and  continued  for  si>me 
time.     The  ])otassium  bromid  is  the  more  efficient  salL  On 
the  other  hand,  the  calcium  or  .strnntium  bromids  arc  less 
irritant  to  the  stomach,  since  thiy  must  be  decomposed  be- 
fore being  absorbed,  and  the  bromid  ion  is  therefore  Iibcr- 
ated  more  slowly.     The  attacks  of  epilepsy  usually  retuni  ■ 
as  soon  as  the  remedy  is  removed.     In  some  few  ca-scs. 
however,  a  permanent  effect  seems  to  have  been  obtained 
It  is  piissible  tliat  this  cure  was  not  due  to  the  bromin,  but 
was  ajjontaneous.^ 

It  has  also  been  attempted  to  employ  bromin  against 
other  diseases  which  rest  upon  a  heightened  irritability  of 
the  central  nervous  system — for  instance  ihorva  and  UUiiaiS. 
The  results  have  been  variable ;  sometimes  it  has  been 
efficient,  and  at  other  times  not.  It  is  useful,  however,  in 
all  cases  of  tn'eractiott  of  the  brain — worry,  etc. — and  all 
the  conditions  which  arise  from  these — say,  insomnia  add 

*  Bine  give»  the  following  coni|Mlatioa  : 
IVrmnncnt  carcii,  40^. 

Tolal  abolitjuii  aii  long  t,*.  drug  iit  continued,  12%. 
Dimitii>he<l  in  miiubci  and  violence  of  tltoclLs,  B3J(. 
No  influence,  2  ?h  J{  . 
NuDibrr  of  atiacks  iocreasedf  2}i%. 
•The  ircBttnent  of  Kpilcpsy:    Besides  the  bramids.  ihe  follo«f«c  ^ 
have   been   ufeA    rminrically :    Opium,    Volcriaa,    BeUodonru,    Zik  ^^ 
Chlnnil,  Adonis  Vemali*.     The  rcsiihs  are  not  vcn-  briltinnl,  aod  thnr  "•* 
can  only  be  recommended  when  bromids  have  Tniled  or  are  fix  »dt  na^ 
badly  borne.     No  rremtneiit  will  l>e  suivesjirul  encepi  it  be  juined  with  » t*^ 
ful  repitation  of  Scl  nnd  general  hygiene,  excesses  of  all  kinds  beinf  *iw 
proscribed. 

The  inhalation  of  Atnyl  Nitrite  is  soiaelime*  useful  duriog  the  attadt- 
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[nervousness.     It  is  of  no  value  in  pain.     The  depression 
I  which  it  produces  is  ratlicr  lasting,  so  that  it  is  not  indicated 
[as  an  ordinary  hj-pnotic.      It  is  useful  in  all  cases  where  we 
[have  an  exaggeration  of  reflfxt's,  such,  for  in.staiice,  as  some 
cases  of  couj;h  ;  in  incantiiu-nct-  of  unnf  if  this  results  from 
J  overaction   of  the  detrusor  center.      It   may  be   useful   in 
Xfi'^^x  I'omiting.     It  has  been   recommended  in  both  sea- 
[sickncss  and  pregnancy  ;    the  results  have  been  variable. 
]  It  is  useful  in  pt-rrussis  (i  Gm.  per  clay  for  a  child  one  year 
I  old).      Large  closes  are  often  curative  in  acute  mania — as 
I  much  as  lOO  Gm.  maj-  be  given,  distributed  over  three  days. 
As  to  the  manner  of  administration,  the  bromids  should 
always  be   largely  diluted,  and  are  best    flavored  witli  pep- 
permint or  winterj^rccn. 

5.  Materia  Medica. — The  dose  is  5  to  60  grains  (0.3  to 
4  Gm.). 

^*^P<itomi  Bromidum  (U.S.P.,   B.P.).— KBr.       Soluble   in  1.6  walcr, 
>  ■Icobol. 

SoJii  BromiJum  (U.S.  P..  B.P.  J.— NnBr.     Soluble  in  l.2vat«r.  1 3  alcohol. 
Am-wnii  BromiJnm  ( U  S.I*. ). — NHjJlr.     Soluble  in  1. 5  walei,  JJO  alcohol. 
Liikii  BrvmUaiH  (U.S.P.). — LiBr.     Soluble  iii  0.6  water,  rcry  solubW  in 
aJccibol. 

Calrii  Bromidum  (U.S.P.). — CaBr,.     Soluble  In  0.7  water,  I  olcohul. 

•  Zima  Bromidum. — ZnBr.,     Renaily  .soluble. 

Str&Httt  iSr.MWij'MOi  (U.S.i'.).— Srlir,  -f  6II,0.  Soluble  in  I.05  water, 
very  soluble  in  alcoliul. 

*  Brcmipin,  a.  cambtnntion  of  10'!^  of  bromin  and  oil  of  sesame,  is  Mid  to 
be  more  readily  absorbed,  to  he  less  iminni,  and  less  liable  to  produce 
bromisiB.     Voir:  4  to  15  c.c.  (t  lu  yi  dnKhnu)  per  day. 
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^  Puh-ir  Potmsii  Bromidt  Efffrvestens  (N.F.). — A  heaped  tcospoonfol 
coUAins  0.6  Gnu  (iD^as). 

•  Puhn't   Petaaii    Brtmiidi  Effer-,tueiu  cwn   Caffeina  (N.F. ). — Contains^ 
ID  addilinn.  0x16  Gm.  i\  i^in]  Caflcrn. 

*  Eitxir   Piftami  Bt\'mnii   (N.K). — 4  c.c.    (t  druclun)  ^  a6  Gm.    (10 
graiDs)  KBr. 

Aiidum  Hydrebromicum  Ditutum  [U.S.P.,  B.P.). — lOjt.     D0%ti  5  to  lO 
C.C  (I  to  3>i  drachms},  diluted. 


VI.  lODID  ION. 

With  this  the  evidence  is  rather  tV/wWthan  experimental. 

The  iodids  are  specific  itt  tertiary  sypht/is  and  its  sequels.  * 

They  also  affect  chronic  rheumatism  and  asthma.     Tliey 

>  Tbey  were  iDlroduced  lor  ib>&  pnrpate  about  the  middle  of  the  present 
'  Centmy. 

•  Nnl  official. 

The  most  impoiljinl  prcpanttiims  nre  mnrked  ^•,. 
J6 


lead  to  the  resolution  of  various  pathologic  formations,  es- 
pecially those  involving  connective  tissue.  ITicy  also  pro- 
duce obscure  changes  in  nietalx)]ism,  leading  to  marasmus 
and  cachexia.  TIic  excretion  of  N  is  increased,  but  it  occurs 
in  less  completely  oxidized  form.  The  same  is  true  of  sul- 
phur,    lodin  itself  has  a  very  similar  action. 

If  the  actions  of  the  lodid  ion  be  .studied  more  closely,  il 
will  be  seen  that  tlicrc  is  comparatively  little  evidence  o(  a 
true  ion  action,  such  as  existed  in  the  case  of  bromids.  The 
effects  are  most  easily  explained  on  the  /fast's  of  sah  actien. 
This  is  very  strong  in  the  case  of  iodids.  and  especially 
with  KI.  The  cause  of  tliis  is  not  difficult  to  understand, 
although  it  may  be  difficult  to  assign  its  proper  place  to 
each  lactor  in  individual  cases. 

I.  Explanation  of  Action. — (i)  Potassium  iodid  is  rr- 
trcmely  diffusible  and  penetrates  very  readily  into  the  cells. 
(2)  It  contains  practically  \wq  fort'ign  molecules,  one  being 
entirely  foreign.  (3)  The  liberated  iodid  ion  very  likely  coni- 
buies  with  the  proteids,  to  substitute  itself  for  the  chlorid 
(4)  The  iodids  arc  very  easily  decomposed,  giving  rise  to 
free  iodin  or  to  hydriodic  acid,  both  of  which  act  as  irritants, 
and  both  of  which  form  another  class  of  compounds  with 
the  proteids.  (5)  This  combination  with  proteids  serves  to 
retain  the  iodin  fur  a  very  !on^  time  \\\  the  body,  so  that  its 
action  is  not  only  quick  and  profound,  but  also  very  lasting. 

The  excretion  of  iodin  by  the  urine  begins  very  early. 
It  exi.sts  largely  as  organic  iodin  comjiounds.  None  can 
be  demonstrated  in  the  blood  two  days  after  the  last  dost. 
Hut  it  has  not  disappeared  from  the  body  at  this  time,  for 
traces  of  it  can  be  shown  in  the  urine  for  twenty  daj-s.  and 
considerably  larger  quantities  arc  contained  in  the  saliw 
and  in  other  proteid  containing  secretions.  The  latter  fact 
speaks  vcr>'  strongly  in  favor  of  tlie  existence  of  wdin- 
proteid  combinatiom. 

The  only  cum[Knim1  of  this  ktnil  which  has  mi  far  brcn  ■ctiuU]'  ifi*- 
straied  is  lodotbyrio  \ixt.  p.  315 1.  This  cannot  be  fumied  bjr  the  acdon  of 
todin  OD  ihyruid  !tubsljuicc  outside  nf  the  body.  bMt  \\s  nuanlily  i>  increM" 
when  inlids  arc  taken  by  mouth.  After  the  tdininirtnitioD  of  lodidi,  "" 
can  aUn  be  demonstrated  in  rbe  kidneys,  blood,  atimenury  canal,  tnrlK*> 
and  broDchi,  but  not  in  the  liver,  brain,  spleen,  lung-lt:Miue,  or  adipose  OW' 

(6)  The  iodin  excreted  in  this  way  into  the  alimcnian' 
canal  is  reabsorbed,  and  may  make  the  circuit  of  the  body 
several  times  and  repeat  its  actions. 
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3.  lodism. — The  liberation  of  free  iodin  and  hydriodic 
acid,  which  are  both  strong  irritants,  may  give  rise  to  very 
unpleasant  sidc-efiects  resembling  in  a  general  way  those 
which  were  described  as  bromism — gastritis,  various  skin 
diseases,  coryza,  parotitis,  etc.  The  iodids  are  very  weak 
compounds  and  arc  decomposed  even  by  carbonic  acid. 
Since  the  latter  is  most  abundant  in  lite  respiratory  organs, 
tliese  show  a  pronounced  local  action.  Tlie  extent  of 
the  local  manifestations  of  iodtsm  varies  greatly  in  different 
individuals,  or  in  the  same  individual  at  different  times  ;  this 
may  perhaps  be  exi>lained  by  a  diflerent  degiee  of  acidity. 
They  can  be  prevented  very  largely  by  the  administration 
of  alkalies. 

3.  Iodids  on  intravenous  injection  exert  a  quit«  dianicteristic  ■cHon  OD 
the  cardiac  vagus  endings,  parnlyiing  ihem  after  the  manner  of  Rtrupin. 
Tbcv  alsu  lower  tlic  excitability  of  the  depressor,  &u  ihat  atimutatiun  of  its 
tnuik  dues  not  luwcr  the  preuure  in  the  normal  manner.  In  the  frog,  they 
caaae  rigovof  the  -ikelclal  tnuiicle.  In  lahlnU  ihey  jiroduce  iJealh  through 
pulmonary  edema  witli  pleural  ctTuMuni^.  The  latter  phcuutntna  ore  pn>&ably 
due  to  Uie  tnilant  ocliun  uf  liberated  iodin. 

4.  Therapeutics. — I.  Third    SUge  of   Syphilis:    The 

continued  administration  of  iodids  in  tins  stage  removes  all 
tlie  symptoujs  in  a  specific  manner,  arrests  the  progress  of 
tlie  disorder,  and  repairs  the  existing  lesions. 

It  is  impossible  to  say  at  present  whether  the  iodids  exert 
a  specific  action  on  the  syphilis  organism,  if  such  exists, 
whether  their  effect  is  due  to  an  ion  action  on  metabolism, 
or  whether  it  is  simply  a  general  salt  action,  the  breaking 
down  of  pathologic  new-formation.  The  iodids  alone  seem 
to  have  no  action  in  the  first  and  second  stages  of  syphilis. 
But  in  the  latter  they  arc  often  useful  in  combination  with 
mercur>'. 

Il  makes  no  ditfcrence  in  ibis  cnse  whether  one  gives  niercuric  chlorid  and 
potassium  iodtd  or  mercuric  iodid  ;  for  the  laltct  will  be  decottlposcd  into 
mercuric  chlorid,  and  its  iodin  will  form  sodium  iodid. 

The  iodin  also  soems  to  aid  in  the  removal  of  mercury 
which  has  been  accumulated  in  the  body  during  the  first 
and  second  stages. 

It  seems  to  be  similarly  oMful  in  the  removal  of  lead  in  chronic  lead-pois- 
oning. It  acts,  perhaps,  by  stimulating  the  general  activity  of  the  cells,  but 
the  subject  u  very  little  understood. 

2.  Its  action  in  chronic  rheumatlsfn  presents  the  same 
problems,  and  it  cannot  be  decided  whether  it  acts  by  de- 
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stroying  the  organisms,  or  by  changing  their  products,  by 
removing  the  lesions,  or  by  altering  metabolism. 

3.  Similar  questions  arise  in  connection  with  its  benefits 
in  many  cases  of  asthma.  It  could  be  conceived  as  irri- 
tating the  mucous  membrane  ;  as  liquefying  the  mucus;  as 
altering  the  vascularity;  as  paralyzing  the  vagus  endings, 
etc.  These  factors  ma>'  all  enter  into  its  action,  but  nutii- 
ing  can  be  definitely  affirmed. 

4.  lodids  cause  a  reabsorption  of  hyperplastic  fibroiis 
tissue,  and  will  therefore  reduce  chronic  inllammator)' 
swellings.  They  may  cure  fibrous  goiters.  They  are  also 
of  pronounced  benefit  in  arteriosclerosis,  which  they  may 
cure  entirely  if  it  is  not  too  far  advanced.  They  do  this  by 
causing  the  disappearance  of  the  increased  fibrous  tissue. 
Their  action  on  tuberculosis  and  chronic  pneumonias  is 
partly  refenible  to  this. 

5.  They  are  very  useful  as  expectorants,  through  dicir 
deep  and  lasting  salt  action,  and  by  liquefying  tlie  mucu& 

It  has  been  claimed  that  they  tliminish  the  secretion  of 
millc,  but  the  st;itcmcnt  does  not  rest  on  secure  evidence. 

The  Chlorid  ion  has  no  pronounced  action.  Tlic  diminu- 
tion of  the  chlorids  of  the  urine  in  fevers  is  due  solely  to  the 
lessened  ingestion  of  chlonds  widi  the  food.  It  was  at  one 
time  claimed  that  the  retention  of  chlorids  accounted  for 
tiic  uremic  coma,  but  this  is  by  no  means  the  case.  The 
two  do  not  run  at  all  parallel. 

5.  Materia  Medica.— Tlie  iodids  should  be  administered 
in  tjraduully  ineieasing  doses,  in  such  a  way  as  to  cause  the 
minimum  gastric  derangement.  The  KI  produces  tlie 
maximum  effect.  It  is  claimed  tliat  Srl^  causes  the  teul 
side-actions.     The  i/ost'  is  0.3  to  4  Gm.  (5  to  60  grains). 


Srnrwun 

.♦./•fl/rtimVWiVww  (U.S.F.,  B.P.),  KI 0.75 

iwWy(Miy«M(US.P..  B.H.),  Nal 0.6 

AiuiMifHii /ci/iJuM  {VS.V),  Klifl i.o 

JJrpwrti /(x/ii/«w  (U  S.P.),  Sri,     .  ...  06 

*  Zinci  loduium.  Ztil,       .....  ,         .  -  rtrnUly 


18 
5* 


m 


*  Imiipin  U  a  coni|xn»)d  similar  in  Bmmipia  (sc«  p.  5At\,  and  ooaW"* 
tojS  of  lodin.  The  ume  adranlsgcs  axe  cUimcd  for  tt.  Dfu .  4 10  15  (^ 
(l  to  4  drachmj) ;  oi  10  c.c.  of  35,$  suspcosioo  iiijccicj  inio  die  {!»«■' 
mascles. 

•*Noi  ofliciii]. 

The  aaost  important  prepamtionB  are  mariced  ,*^ 
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^\Si'Ju/ii}  Prtttmi  loditii,  I  ^  I. — [Muolve  I  j  in  %%  dnuifams  of  water 
Land  nuke  up  to  t  fl  3  . 

UngvfnluM  PatnLxii  MiM  (L*.S  P.,  B.P.). — I3jf  in  Lard. 
Syntpus  ^ntii  liyJriodia  (U  S.P./.— 1^'.      i}9S« :    I  to  4  c.c.  (151060 
mininu). 

VII.  THE  MTRATE  ION  (NO,)- 
I.  ActiOD, — In  addition  to  an  extensive  salt  action,  this 
\  appears  to  product  a  more  specific  irritation,  which  must  be 
referred  to  tlic  ion.  The  foniier  is  explained  by  its  ready 
[penetration,  and  by  its  being  entirely  foreign  to  the  animal 
'  body.  The  latter  is  exerted  mainly  on  mucous  membranes, 
and  results  in  gastritis  at  the  place  of  entrance  ;  in  diuresis, 
or  with  large  doses  nephritis,  at  the  place  of  exit. 

Tte  niusles  are  also  reduced  to  a  large  extent  in  tlie  iKnly.  A  certain  pro- 
portion is  excreted  oa  ntliitc.  Tliin  reduction  taUcs  place  so  slowlf ,  in  the  case 
of  the  inoi]ganic  nitrates,  that  no  nitrite  action  can  ever  be  seen. 

V      In  the  case  oi potassium  uitrati,  considerable  of  the  effect 
must  be  attributed  to  the  potassium,  and  this  salt  is  usually 

•  employed  when  the  potissium  action  is  desired.  This  is 
due  to  the  fact  that  the  nitrate  ion  increases  the  rapidity  of 
the  absorption  of  its  kat-ion.      Potassium  nitrate  has  therc- 

»fore  a  ti*.\\folti  action  : 
2.  Therapeutics. — The  ttitrau  ion  is  useful  as  a  diuretic 
For  this  purpose  4  Gm.  of  the  KXO,  arc  taken  in  a  large 
quantity  of  water.  If  the  latter  is  carbonated,  the  absorp- 
tion will  be  quickened,  aiid  the  gastric  irritation  proportion- 
ately lessened. 

The  potassium  ion  may  be  used  to  depress  the  hcait, 
having  much  the  same  indications  as  aconite — sthenic  fevers, 
such  as  an  acute  articular  rheumatism,  etc. 
3.  Materia  Medica : 

•,/WdmV  A't/rai  (US  P..  B.P.)  {XiUr,  Sa/tfttfr),  KNO,.  Soluble  in 
3.8  water,  venr  ^laringlj'  in  alcohol.  Dose:  0.3  tu  1.2  Gm.  ^5  to  30  grains), 
largely  diluted. 


F    Vm.  TOXICOLOGY  OF  NEUTRAL  SALTS  OF  ALKALIES. 

The  irritant  action  of  KNO^  is  so  violent,  if  the  salt  is 
taken  in  concentrated  form  or  in  large  doses,  that  it  has  a 
considerable  toxicologic  importance.  The  same  phenomena 
are  produced  by  all  other  neutral  salts  which  do  not  possess 

The  most  important  preparnttons  are  marked  ,*, . 
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a  specific  toxicity,  so  that  the  following  description  «*iU  be 
generally  applicable. 

Since  the  capacity  for  the  excretion  of  these  salts  is 
greater  tiian  the  capacity  for  their  absorption,  they  do  not 
usually  develop  their  ion  action  when  taken  by  the  moutlu 
However,  i(  introduced  in  strong  solution  the}*  may  cause 
necrosis  of  tile  lining  membranes,  and  will  then  enter  the 
circulation  more  rapidly,  and  produce  the  ion  symptoms 
described  under  the  several  headings.  Ordinarily  tlieir 
action  is  a  purely  local  one,  proportional  to  their  concentra- 
tion and  to  the  time  during  which  they  remain  in  contact. 
The  latter  again  is  proportional  tn  their  quantity.  Since 
the  concentration  is  necessarily  greatest  at  tlie  points  where 
they  enter  and  leave  the  bo<iy,  the  irritation  is  most  mani- 
fest in  the  alimentary  canal  and  in  the  kidneys,  producing 
gastritis,  enteritis,  aiul  nephritis.  The  phenomena  arc  the 
same  as  with  other  irritant  poisons  (sec  Chap.  XXVIIl,  A), 
They  consist  in  great  abdominal  pain,  vomiting,  frequently 
bloody  stools ;  irregular  pulse,  convulsions,  and  collapse; 
suppression  of  urine,  or  that  passed  is  albuminous  and  of^ 
bloody.  The  gastro-enteritis  may  be  so  violent  as  to  lead 
to  an  early  fatal  ending.  Of  the  salts  so  far  studied,  the 
|x)tassium  nitrate  is  by  far  the  most  violent;  30  Gm.  (iS) 
may  be  fatal  if  taken  in  concentrated  form. 

The  ffftUtmnf  would  consi.st  first  in  dilution,  since  they 
act  only  by  virtue  of  their  concentration.  1-arge  quandtiea 
of  water  should  be  drunk  and  the  stomach  washed.  Dcmul* 
cents — milk,  egg  white,  acacia — are  also  useful  The 
symptoms  should  be  met  as  they  arise. 
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IX.  THE  CHLORATE  ION. 

The  chlorates  display  some  peculiar  ion  actions. 

They  are  strong  oxidizers  chemically,  but  do  not  exert 
this  action  in  the  body. 

When  the  chlorates  are  added  to  blo9d,  cither  inside  of 
outside  the  body,  they  effect  the  formation  of  mttktmo^ 
bin.  The  chlorate  ion  is  not  used  up  in  this  process, » 
that  it  may  convert  an  indefinite  amount  of  hemoglobw 
They  differ  in  this  respect  from  the  nitrites  (see  p.  476),  v& 
their  action  is  in  consequence  more  violent  and  more  pw- 
longed.    They  may  in  this  way  produce  an  actual  a5ph>'xiL 

The  blo«}d  of  different  aninuts  shows  a  diifetent  degree  of  readiness  for  Ail 
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metlicmuglobin  IbnnotJon.  This  is  very  fipqueol  for  all  poisons  acting  on  the 
blood,  cspcciall>'ft3  between  csmivorQUS  uid  lt«tbiv(>n)us  oiiiinals.  The  cause 
is  not  understood,  but  is  perhaps  connected  witb  ditTerencc^  in  tbe  alkalinity 
of  die  body.  The  cuuverMon  occurs  fairly  t«adily  intra  i-itam  in  man,  dog, 
■nd  cat,  whilst  rabbits  and  ^ineo-pigs  aie  almost  immune.  But  in  llic  test- 
lube  chlorates  convert  rabbit's  blood,  olthoagh  more  slawly  thnn  dog's. 

In  addition  to  this  formation  ofmcthcmo^lobin,  the  chlor- 
ates break  up  the  blood-corpuscles.  Tliis  was  formerly  sup- 
posed to  produce  dangerous  embolism,  but  less  importance 
is  attached  to  it  at  present.  But  the  protcids.  etc..  which 
are  liberated  by  the  destruction  of  the  corpuscles  are  ex- 
tremely irritant  to  the  kidneys  and  produce  a  very  marked 
mpliritis.  with  the  usual  phenomena — protcids  in  the  urine, 
casts,  sometimes  hemoglobin  compounds.  Possibly  the 
chlorate  ion  itself  irritates  the  kidneys. 

The  chlorates  liave  also  a  disinfecting  and  local  stimulant 
action,  which  seems  to  be  rather  stronger  than  would  be 
3unted  for  by  their  salt  properties,  and  would  therefore 
ear  to  be  specific  ion  actions. 

The  toxicology  of  potassium  chlorate  is  fairly  important 
Poisoning  very  frequently  takes  place  accidentally,  uitlier  by 
an  overdose,  since  tlie  laity  does  not  generally  regard  it  as 
a  toxic  sul>stancL-.  or  by  the  swallowing  of  some  of  the  solu- 
tion given  for  gargling. 

The  symptoms  aie  those  o(  n.  g-astro-eutcn'tis,  as  just  de- 
scribed (p.  566).  After  its  absorption,  it  produces  symp- 
toms due  to  the  methemoglobin  formation  and  destruction 
of  corpuscles;  /.  r.,  peculiar  cyanosis,  nephritis,  hematuria, 
blood  casts,  possibly  suppression  of  urine.  Icterus  is  also 
common.  If  the  action  on  the  kidney  is  still  stronger, 
uremic  symptoms — coma  and  convulsions — may  result 
The  course  of  poisoning  may  be  very  rapid.  Death  has 
taken  place  in  two  and  a  half  hours.  Usually,  however,  it 
docs  not  occur  for  several  days. 

The  treatment  would  be  the  same  as  for  other  irritant 
salts  (see  p.  566). 

Therapeutics. — The  local  disinfectant  and  stimulant  ac- 
tion to  mucous  membranes  is  alone  important,  and  is  exten- 
sively utilized  in  sore  throat,  a  saturated  solution  being  used 
as  gargle.  The  patient  should  be  cautioned  against  swal- 
lowing it.  There  would  seem  to  be  no  indication  for  its 
internal  use,  and  the  popular  tablets  are  to  be  condemned. 
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MATERIA    MF.niCA. 

-V/V/iKJjVCVffraj  {U.S.P.,  B.  P. ),  KaOy— Soluble  in  1 6. 7  water.  In- 
sn7u)>1e  in  nb«oluie  alcohol.  Do%t :  o,Z  to  1.2  Gm.  {3  to  3o  gninsi).  As  1 
gfti^lc,  \%  to  5f/ii  M>lution. 

Trockitci  Poiami  Ckhraiit  {L'.S.P.).— Each  coDtain)  a}  Cm.  (5  gnim). 

Trth-huetu  Petassii  CMoratis  \^.V.). — Eiicfa  conlAins  a.2  Gm.  (3  gniu). 


X.  THE  PERMANGANATE  ION. 

This  is  so  readily  decomposed  into  0  and  MnO,  in  contact 
witli  organic  matter,  that  its  acbon  can  never  be  anyttung 
but  local.  It  is  an  irritant  and  disinfectant  Taken  by 
the  mouth  in  large  dose  it  may  cause  death  by  gastro- 
enteritis. 

The  Potassium  Permanganate  (U..S.P.,  B.P.)  (KMnOj 
is  the  only  salt  used.  It  may  be  taken  in  )/^  ^  solution  i& 
antidote  to  organic  poisons,  HCN,  and  phosphorus.  Its 
main  use  is  as  an  antiseptic.  It  is  so  readily  destroyed  and 
so  expensive  that  its  use  is  not  verj'  extensive,  i  :  3000  to 
I  :  500  solution  may  be  used  as  injection  in  dysenterj".  in 
urethritis,  or  as  mouth-wash.  A  saturated  solution  (I  :  16) 
may  be  used  for  tlie  hands,  the  color  being  removed  by  a 
solution  of  oxalic  acid.  The  MnOj  into  which  it  is  dccom- 
po.scd  is  employed  against  chlorosis.  For  this  purpose  the 
dose  is  0.03  to  o.  I  Gm. 


XI.  ACETATES  AND  CITRATES. 


1 
I 


J 


The  acetates  and  citrates  have  no  peculiar  ion  action. 
They  act  just  like  other  neutral  salts ;  but.  hke  the  alkali 
salts  of  most  organic  acids,  they  are  decomposed  in  the  body 
with  the  formation  of  carl>onatcs  :  HCjHjOj  -f  O^  =  2CO, 
-f  zWf) ;  so  that  they  exert  an  alkaline  action  after  their 
absorption.  This  alkali  action  is  of  special  importance 
on  account  of  the  profuse  diuresis  which  results  from  it 
The  citrates  are  not  readily  absorbed,  and  arc  therefore 
cathartic. 

MATERIA   MEDICA. 

The  d0se  of  the  soils  is  0.3  to  4  Gm.  (5  to  60  graitis). 

^*^P<ftaini  Aeetai  (U.S.P.,  B.K  ). — Soluble  in  O.36  w»tei,  I.9  slcDbtli 
dcli<|ucs«nt. 

Soiiii  Acetas  (U.S.P. }. — Soluble  in  1. 4  water,  30  ftlcohol. 

*  Elixir  Potatsii  Acetatis,  N.  F. — A  teu^xxinfuJ  —  0.3  Gm.  (5  ^rahf^ 

•  N'ol  officikl. 

The  most  iraportuil  picpftntioiu  mx^  DArkcd  «*«. 


PERMAWGANATES,    ACETATES,    CITRATE. 

Patmiih  Gtrmi  (U.S.P.,  B.F.). — Soluble  in  a.6  water,  spuinglj  in  bIcoHoI  ; 
Ideliqttcaocat. 

I  iMhii  O'ft-a/ (U.S.P.,  B.P.). — Soluble  in  2  water,  sparingly  in  alcohf>I. 
i  Li^«r Potaxiii Ctiratis. — ILI.S.P.,  B.P.)  i  Kffcrvcscent). — 4c.c.  (idrachm) 
[^0.36  Gtn.  (dKnuna). 

Patassit  Citras  Efffrvtsctm. — Doie :   Heapiog  teaspoonful. 

Litkii  Citras  EfftrvesecttM  |  U.S-P.,  H.  P.  \. — Don  :  Heaping  trupoonful. 

*  Elixir  Liikit  Citratii^  N.F. — Teaspoonfui  ^=  0.3  Gm.  (5  grains). 


XII.  CALCIUM. 

The  action  of  calcium  rc/ww  injected  directly  into  the 
[blood  has  not  been  cxtL-nsively  studied.  It  seems  to  re- 
semble the  actions  of  magnesium  and  potassium,  producing 
a  fall  in  blood  pressure  and  paraljsis  of  the  central  ner\'ous 
system. 

These  actions  do  not  appear  when  calcium  salts  are  taken 
by  tfu  mouthy  since  these  cannot  be  absorbed  in  sufficient 
amount.  The  small  qjantities  which  enter  the  body  arc 
excreted  mainly  through  the  intestine,  in  part  also  through 
the  urine.     This  then  becomes  alkaline. 

The  importance  of  the  calcium  ion  arises  from  the  fact 
that  it  is  a  universal  constituent  of  protoplasm,  only  a  few 
of  the  lower  fungi  being  able  to  dispense  with  it.  It  appears 
to  be  mainly  fixed  in  the  nuclei,  while  in  the  extranuclear 
portion  its  place  seems  to  be  taken  bj'  magnesium.  It  ap- 
pears to  be  essential  not  only  to  the  living  protoplasm,  but 
also  to  unorganized  ferments  (rennet,  fibrin  ferment,  etc.  ;  it 
is  not,  however,  essential  to  all  ferments — <".  ^.,  pepsin 
digestion  may  go  on  in  its  absence). 

Its  importance  to  living  protoplasm  has  already  been  dis- 
cussed in  connection  with  the  general  ion  action  (see  p. 
552).  Similarly  the  toxic  effects  of  oxalates  and  fluorids 
seem  to  be  dependent  upon  a  precipitation  of  calcium,  and 

»not  upon  any  direct  toxic  actiun  of  the  anion. 
A  more  gradual  withdrawal  of  calcium  from  the  body,  by 
withholding  it  from  the  food,  leads  in  animals  to  effects 
wliich  closely  simulate  tliose  of  rickets  attJ  osteoifta/aeia. 
There  is,  however,  some  difference  :  In  calcium  star\'ation, 
but  little  bone  is  formed,  yet  this  contains  the  normal 
amount  of  calcium.  In  rachitis,  the  amount  of  bone  is 
even  excessive,  but  it  is  very  poor  in  Ca.  In  man  these 
conditions  are  characterized  by  a  diminished  amount  of 
caldum  in  the  bones.     The  thought  lay  near  at  hand  to 

•  Not  official. 


570 


ION    ACTION    OF   SOLUBLE   SALTS. 


CH.  XXV, 


employ  calcium,  particularly  calcium  phosphate,  in  the 
treatment  of  these  diseases.  The  results  have  been  some 
what  disap[>uinting,  as  might  have  been  deduced  from  theo- 
retic considerations.  Tiie  condition  is  somewhat  similar 
to  that  existing  in  clilorosis.  for  except  in  the  experimental 
disease,  the  cause  of  the  disorder  is  never  to  be  found  ia 
insufficient  supply  of  calcium  salts,  since  the  amount  of 
these  in  the  food  is  always  more  than  enough  to  supply  the 
demands  of  the  organism.  The  real  cause  must  be  sought 
in  the  abnormal  absorption  or  utili/^tion  of  these  ions. 

Tb«  essential  nature  of  this  nbnonnsl  proccia  is  nol  st  present  known,  b 
di5«aii«<i  in  which  there  is  an  ftbnonnal  formation  of  add  in  the  blood—/./.. 
di3l>eie« — the  excretion  of  cnlcium  nnd  mAgneiium  Js  incnued.  but  no  m 
dnnini<iheil-  alkalinity  exists  in  rickets.  Even  when  we  Bastnne  the  cuue  lo 
be  a  dehctetit  absorption,  this  cotild  not  be  remedied  by  additional  intrododioo 
of  ulcium.  for  it  is  of  course  extremely  uolikely  that  calcium  would  besorr 
easily  absorbed  fn>u)  such  inorganic  salts  aft  phtuphales  than  in  the  fbnD  ia 
vhich  it  exists  in  the  food. 

Calcium  salts  have  also  been  given  in  liemophilia  to  in- 
crease the  coagulability  of  the  blood.  Although  the  last 
word  has  not  been  spoken  on  this  interesting  subject  it 
would  seem  that  hemophilia  is  not  usually  dependent  upon 
the  deficiency  of  lime  salts.  NeverUielcss  most  clinicians 
report  very  favorable  results.  Further  than  this  use,  there 
would  not  sccni  to  be  any  rational  therapeutic  indicaboo 
for  the  calcium  ion,  the  calcium  salts  only  being  useful  ofl 
account  of  the  acids  with  which  they  are  comtuned,  or  by 
virtue  of  their  alkaline  action. 

MATERIA  MEDICA. 

SoLUmi^ 

ITV  IN  Doss: 

Watbr.  Metric.  Apotbccariv 

,*»  Creta  Prtparnia  ( U.  S.  P. , 
B.P.).      \_Frftarid  Chalk. 

Drop  Chalk.)    CaCO,      .      Insol.        a5to   4.0  loiotopu* 

Puh'is  Creta  Comfotitus 

(U.S.r.) as  to   4.0  loiofiopa*^ 

Fulvis  Creta  Arcma/iiut 
(B.r.)  and  /'uhtM 
Creia  Aramatxcus  cum 

C/w(B.P.t ... 

Mistura  Creta  {\}.%.V.'\      .   .    ,        8.01015.0  3l0  4ilndiieL 

TrffcAisn  CrtfaiV. S.P.). 
Each    contMiis    0.35 

Gm.  (4  grains)       ..*  ,■• 

Ca/cii  Caritmas  Pracipitaha 
(U.S.P.,  BP.).  (/Vm>f-. 
UUeJ Chalk) I1U0I.        0.5(0    4.0  lototiofvi* 

The  most  important  prepsnttioos  are  marked  »*«. 


calcium;  barium. 


SOLVIIL' 

tTY  iH  Dose  : 

Watbr.  Metric.  ApollKcart«*'. 

!#•  ii^Mw  Ca!cu  (USP. 
BP.)  [^timf-ivaUr.)  A 
sUDrated  solution  of  Ca- 
(OH),,  tnadr  by  leaTJng 
fnsliiy  slaked  lime  id  con- 

taci  with  water  . 4.0  to  30.0  1  to  8  drachniL 

[  Syrujmi  Colds  (U.S.P. ) 
r  Li^or  CaUis  SatfAarafms 
B.P.].  (AdnmgersolutioD 

orCa(OH),  in  Syrup) I.o  to    4.0  1 5  to  60  rainiiDS. 

I  »•»  Ca/tii  PAoi/Aaj  Prtteipi- 
tiUui\\i  S.P.)  [CalciilTlo*. 

phas,  B.P.I.     Ca,(POJ,  .     Insol.        0.3  to    3.0  5  to  30  grains. 

'  Syruptii     Caltii     Coftofhoi' 

/A.iftj  {U.S.P.,  BP.) 4.0  to    8.0  I  to  2  dracbma. 

^*M,Cateii  Ckloridum 
(U.S.P.,    B.P.).      CaCl,. 

(Hj-groscopjc.)      .   .   .    .1.5  parts.    0.3  to    i.a  sio20gnms. 

^LCmix   (U.S-P.,    B.P.).      Un- 
^f     ilakt4    Limt.       Used    as 

caufticaDddisiDfcctanl .    .   •  ... 

CaUiiHydrai^^.V).  Slaked 
Urn*.  Used  as  disinfect- 
ant    ...  ... 

H  XHI.  BARIUM. 

This  element  has  verj'  interesting  hn  actions^  resembling 
thasc  of  most  of  the  organic  groups.  This  may  possibly 
be  due  to  their  replacing  catcium  in  the  proteid  molecule. 

Beaidea  \xs  ralher  ^lectlic  irritant  action  on  the  alimentary  canal,  it  poa* 
aesses  a  verairin  action  on  muscles,  a  digiinlis  action  on  tbe  heart,  a  constrict- 
ing action  on  the  arteriole  (directly  intiMrulaT),  and  a  stimulating  and  then 
paralyzing  action  on  lite  cenirnl  nerrDUs  «yst^m. 

H  Its  local  action  results  in  gastro-entcritis  and  some 
^  degree  of  corrosion,  and  fairly  large  absorption.  It  may, 
therefore,  produce  its  systemic  actions  even  when  given 
by  the  mouth.  The  most  conspicuous  of  these  are  upon 
the  circulation  :  a  slowing  of  the  heart  (digitalis  action),  a 
rise  of  blood  pressure  (constriction  of  arterioles).  The 
pulse  is,  therefore,  small,  hard,  and  slow.  Targe  doses 
paralyze  the  cardiac  muscle. 

When  given  in  very  dilute  solutions  the  amount  absorbed 
is  very  small,  and  is  then  deposited  in  tite  bones,  Thc/ata/ 
dose  of  barium  salts  is  given  as  5  to  i  $  grains.  The  chemic 
antidotes  are  sulphates  (Glauber's  salt),  which  act  by  form- 
ing the  insoluble  barium  sulphate.  (Barium  has  no  thera- 
peutic indication.) 

The  inost  important  preparations  are  marked  ^^'f^ 
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XIV.  STRONTIUM. 

This  resembles  barium  in  its  action,  but  is  somewhat 
weaker.  Being  less  corrosive,  it  does  not  enter  the  blood 
in  sufficient  amount  to  produce  toxic  action.  In  dilute 
solutions  only  very  small  amounts  are  absorbed  from  the 
.stomach  ;  none  from  the  Intestine,  since  it  is  converted  inlo 
phosphates,  in  which  form  it  is  also  generally  deposited  in 
the  bones. 

Strontium  also  possesses  no  therapeutic  indication.  It 
may  be  useful  to  moderate  the  action  of  anions,  smcc  its 
salts  must  be  decomposed  before  the  anions  can  be  ab- 
sorbed. 

MATERIA  MEDICA. 

Sfrtrnfii  Laetat  {V.S.V.). — Soluble  in  4  parts  water.  Dm  t  i  to  8  Co. 
(^  to  2  flrnchnu), 

XV.  OXALATE  ION. 

Oxalic  acid  is  quite  a  strong  organic  acid,  and  exhibits 
the  ordinary  acid  actions.  The  oxalates  act  as  soluble 
salts.  In  addition  to  this,  however,  they  show  an  effect 
which  must  be  referred  to  the  oxalate  ion.  This  consists 
of  a  specific  toxicity  to  all  protoplasm.  The  phenomeni 
resemble  in  all  respects  those  produced  bj'  HCN.  The 
action  is  probably  explained  by  the  fact  that  the  calauni 
is  rendered  insoluble. 

Ill  ucordince  with  thi&  throry,  it  Is  found  thst  oxftlites  are  tMH  Imir  to  I 
few  lower  fongi  which  (In  not  cnntnin  cnlrinm.  It  b  loxic  10  most  pUnti,  bal 
certUD  species  conuiio  i^tublt  uxAlaie&.  In  al^  the  nuuo  buiokmc  dumo 
are  kcd  in  the  portionK  iilIil-m  in  calcium — nucleus  and  cfaloiopli^  Oaiir 
add  is  probably  a  coosiant  product  of  metabolism,  and  pouibly  oac  of  ik 
functioDS  of  calcium  is  to  readet-  it  bonniest. 

If  oxalates  are  injected  into  the  circulation  they  affect 
first  the  central  ncn'ous  system  in  its  whole  extent,  from 
mental  functions  to  reflexes,  producing  at  first  stimulation 
and  then  ptiralysis,  the  latter  being  the  more  conspicuous. 

In  consequence  of  the  asphyxia  produced  in  this  manner 
they  cause  glycosuria,  and  possibly  through  the  same  cause 
indicanuria.  Death  occurs  from  respiratory  paralj*sb,  ex- 
cepting when  the  poison  is  injected  directly  into  thedrcula' 
tion.  in  which  case  it  may  paralyze  the  cardiac  muscle 

Taken  by  the  mouth,  the  oxalates  are  readily  abstrM, 
and  poisoning  is  not  at  all  infrequent  from  confusion  with 
other  salts. 
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The  symptoms  are :  first,  tliose  of  a  local  caustic,  espc- 
dalty  when  the  acid  was  used  ;  then  those  of  collapse,  the 
latter  possibly  preceded  by  convulsions.  The  pulse  is  very 
snrall  and  weak. 

Almost  the  entire  quantity  is  excreted,  unchanged^  by  the 
urine  (92  *fe  to  95  ^  after  h>'podtrniic  injections)  in  the  form 
of  calcium  oxalate.  This  is  almost  insoluble  and  forms 
envelope-shaped  cn'stals.  which  are  diajjnostic  of  oxalatc- 
poisoning.  The  crystals  may  be  exxreted  in  such  great 
amounts  as  to  lead  to  blocking  of  the  urinary  tubules,  and 
possibly  to  nephritis,  or  retention  of  urine  and  uremia  from 
this  cause.  Calcium  oxalate,  in  rod-shaped  crystals,  may 
be  found  in  all  the  organs,  but  it  may  be  absent  from  these 
in  very  acute  poisoning. 

Death  by  oxalic  acid  and  oxalates  occurs  very  rapidly, 
much  more  quickly  than  by  any  other  caustic  substance. 
This  is  of  diagnostic  importance.  (In  one  case  death  took 
place  in  ten  minutes.)  The  fatal  dose  will  vary  with  the 
concentration.     The  smallest  recorded  amount  is  5  grams. 

The  chemic  antidote  would  be  calcium  in  any  shape,  chalk, 
lime-water,  etc.  Liberal  quantities  of  water  should  be  ^iven 
to  prevent  the  deposition  of  crystals  in  the  kidneys. 

Oxalates  have  no  therapeutic  importance.  They  may 
occur  in  rather  large  amounts  in  some  articles  of  food, — 
r  ^..  ^tnach, — but  not  in  such  amounts  as  to  be  dangerous. 

W  XVI.  FLUORIDS. 

Fluorids  have  a  very  strong  local  irritant  action. 

Their  systemic  action  resembles  that  of  oxalic  acid,  and  is 
probably  produced  in  the  same  manner,  by  the  formation 
of  insoluble  calcium  salts.  In  cases  of  poisoning  the  local 
symptoms  are  somewhat  more  pronounced  than  is  the  case 
with  oxalic  acid. 

When  fluorids  arc  given  in  smalt  amounts,  greatly  diluted, 
they  are  absorbed  and  deposited  for  the  most  part  in  the 
bones. 

The  booe  become  nnasually  hard,  wbitc,  lod  brittle,  and  contain  small 
crjritals,  pKsuroably  CaFl,.  A  small  iu»t>unt  of  the  latter  is  nonnally  con- 
tained io  ibe  bones  and  teetb,  but  the  percentage  (0.02-0.05)  is  so  small  that 
It  cairaot  be  regarded  as  essential, 

tfThe  fluorids  are  quite  markedly  antiseptic.     In  the  pro- 
ortion  of  i  :  200  they  pre\'ent  completely  the  development 
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of  bacteria,  and  are  sometimes  used  for  this  purpose.  They 
have  no  important  therapeutic  appUcation,  and  small  toxi- 
cologic importance. 

*  iWiV  FluoriJum  (SotUura  fluorid),  NaF. — Soluble  in  15  pArts  of  »mtfT. 
Used  «z(«rDa)ly  as  anti&cptk.  For  dresstogs,  0.5  to  lo  :  looo ;  uijecUO(u,o.lj 
to  1  :  100 ;  against  funuentalioD  i»  food,  lO  lo  15  :  lOO^OOO. 

XVII.  BORIC  ACID  AND  BORATES. 

The  former  possesses  acid,  t]ie  latter  alkaline  charactefs. 
Neitlicr  is  very  strong ;  nor  indeed  do  tJiey  possess  pro- 
nounced actions  of  any  kind. 

Horic  acid  is  used  as  a  mild  antiseptic,  tn  the  form  of  dust- 
ing-powder or  as  saturated  (45^)  solution,  or  as  Borogly- 
cerite.  It  is  less  irritant  than  most  other  antiseptics.  It  has 
also  been  recommended  for  preserving  food,  in  the  ratio  of 
4  to  8  grains  per  pound. 

Sodium  borate  is  used  as  a  wild  aikali  on  the  skin,  or  a 
mild  laxative  by  the  alimentary  canal. 

The  use  of  boric  acid  as  a  preservative  gives  some  practi- 
cal importance  to  the  question  of  any  toxic  cflects.  Suffi- 
cient could  also  be  absorbed  from  wounds  to  produce  gen- 
eral phenomena,  if  such  existed. 

Extremely  largv  doses  may  cause  acute  collapse.  This 
is.  however,  quite  rare,  the  symptoms  usually  extendinij 
over  several  days  and  consi.sting  mainly  in  subacute  gastro- 
enteritis, loss  of  appetite,  nausea,  vomiting  and  catharsis, 
laxative  to  purgative  ;  on  the  part  of  the  organs  of  excre- 
tion, nephritis  and  slcin  eruptions;  on  the  nervous  system. 
muscular  debility,  incoordination,  fall  of  temperature,  and 
finally  collapse. 

The  autopsy  shows  fatt>'  degenerations. 

It  appears  to  be  absorbed  fairly  readily ;  its  excrctioa 
occurs  mainly  by  the  urine,  and  is  practically  complete 
inside  of  twent>'-four  hours. 

The  above  effects  only  follow  excessively  large  doses- 
much  larger  than  any  which  could  be  introduced  with  the 
food.  Recent  observations  have  demonstrated  that  amounts 
of  Borax  or  Boric  Acid  as  large  as  3  to  5  Gm..  m  dogs,  wrrc 
absolutely  devoid  of  effects  upon  utilization  of  food  or  upon 
metabolism,  even  when  continued  for  some  time.  On  ac- 
count of  the  rapid  excretion,  there  is  absolutely  no  chan« 
for  a  cumulative  action. 

*  Not  officuL 
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No  deleterious  action  has  therefore  been  demonstrated  for 
either  borax  or  boric  acid,  in  any  quantities  which  would 
be  likely  to  be  used  as  food  preservatives  (up  to  2. 5  Gm. 
per  day  and  continued  indefinitely).  They  are  probably  the 
most  harmless  of  these  antiseptic  substances.  None  the 
less,  many  authorities  condemn  their  employment,  basing 
themselves  upon  older  experiments,  now  proven  fallacious. 

MATERIA    MEDICA. 

^*^AddHm  Boricum  (U.S.P.,  B.P.)  {Ac.  Boracicum),  HjBO,.— Soluble 
ID  26  ports  water,  lo  glycerin,  15  alcohol.  (Saturated  aqueous  solution  ^ 
4%  =  17  grs.  per  ounce.)  Dose:  0.3  to  I  Gm.  (5  to  15  grains).  As  lotion, 
injectioD,  or  gargle,  3  to  ^%  ;  as  ointment,  10  to  30^. 

UmguffUum  AadiBorut  (B.P.).— lOjg. 

•*•  Cfycfti/um  Borogfyceritti  {V.S-P.)  [Clycerinum  Addi Borici,  B.P.]. — 
Contains  31  %  of  Boric  Acid.     For  external  use.    Diluted  10  times. 

^*^Sodn  Boras  {\J.^.V.)  [Borax,  B.P.]  {Sodii  Biboras,  Borax),  NajBPT 
+  loHjO. — Soluble  in  16  parts  water,  I  part  glycerin.  Dose:  03  to  2  Gm. 
(5  to  30  grains). 

Glycerinum  Boracis  (B.P.). — I  :  6. 

Mei  Boracis  {fi."?). 


XVIIl.  URATES  AND  URIC  ACID. 
The  importance  of  these  lies  in  the  fact  that  they  may  be 
formed  or  retained  in  excessive  amounts  in  pathologic  con- 
ditions, when  they  first  produce  inflammatory  necrosis  of 
cells,  and  are  then  deposited  in  insoluble  granular  form. 
This,  becoming  crystalline,  acts  as  a  powerful  mechanical 
irritant,  producing  the  phenomena  of  gout.  These  can  be 
simulated  in  animals  by  the  injection  of  suspensions  of  acid 
sodium  urate. 

The  most  impoitftnt  preparations  are  marked  ^%. 


REMOTE  (ION)  ACTIONS  OF  ACIDS  AND  ALKALIES. 

(A)  ACTIONS  COMMON  TO  BOTH. 

I.  Fourfold  Action. — Acids  and  Alkalies  exert  a  four- 
fold action  : 

1.  By  virtue  of  their  ckcmic  character,  they  produce, 
when  fairly  concentrated,  profound  changes  in  the  body 
constituents,  dead  or  living,  and  lead  to  destruction  of  tissue. 

2.  When  dilute,  they  have  an  extensive  and  peculiar  ion 
action  upon  the  living  protoplasm,  due  to  the  H  and  OH 

iOHS. 

3.  Like  all  other  soluble  and  absorbable  substances,  the)' 
produce  osmotu  changes,  and  exert  the  ordinary'  salt  actiofl. 

4.  By  influencing  the  action  of  ferments  and  the  solubil- 
ity of  substances,  tliey  modify  the  processes  of  digestwn  and 
absorption. 

The  first,  the  purely  chemic  action,  o^-ershadovvs  al 
others  when  strong  solutions  arc  applied.  It  will  be  studied 
in  connection  with  corrosives  in  Chapter  XXVIII. 

The  ion  actions  proper,  tlie  salt  actions,  and  the  cflcct* 
upon  digestion  are  most  pronounced  in  dilute  solutions,  and 
these  will  he  discussed  in  the  present  chapter. 

3.  Fate  in  Body. — Neither  acids  nor  alkalies  are  ab- 
sorbed unchanged  from  the  alimentary  canal.  The  alkalies 
(including  the  carbonates)  are  neutralized  by  the  HCl  of 
the  gastric  juice.  Or  if  given  in  larger  amounts,  they  enter 
into  loose  alkali-y)rt7/(*/(/  combinations  before  they  reach  the 
blood.  The  acids  undergo  a  similar  change,  or  if  thc>"  are 
not  entirely  absorbed  before  entering  the  intestine,  theyaff 
tliere  neutralized  by  the  carbonates.  The  direct  effects,  then, 
would  consist  only  in  altering  the  reaction  of  the  alinientaf)' 
canal,  and  in  a  certain  amount  of  salt  action. 

However,  tliere  are  other  changes — more  remote,  but  vcy 
important :  The  compounds  with  the  proteids  still  possess  ibc 
character  of  acids  or  alkalies  ;  and  even  when  the  neulnltB- 
tion  is  effected  by  the  HCI  or  Na,CO,.  it  is  evident  that  the 
total  amount  of  alkali  in  the  body  must  be  altered,  at  lcx*t 
temporarily.      But  since  the  organism  is  adjusted  to  w'^r*' 
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at  a  certain  degree  of  alkaline  reaction,  which  cannot  be 
departed  from  without  more  or  less  severe  niodificaUoiis  in  Its 
■  function,  it  endeavors  to  counteract  these  changes  in  reaction. 
A  rtg^uiatittg  mechanism  for  tliis  exisbi  in  \^*:  formation  of  am- 
monia. Tills  is  normally  produced  as  a  precursor  to  urea ; 
but  the  degree  to  which  the  final  transformation  takes  place  i.s 
easily  modified  by  increasing  or  dmiinishing  the  fixed  alkah 
of  the  blood.  In  the  former  case  it  is  more  complete ; 
whereas  if  acid  is  introduced,  the  transformation  does  not 
take  place,  but  the  ammonia  is  excreted  unaltered  as  a  salt 
of  this  acid.  It  is  therefore  evident  that  acids  and  alkalies 
must  influence  the  proportion  of  nitrogen  which  is  excreted 
as  ammonia  and  as  urea.  It  is  not  inconceivable  that  this 
change  introduces  oUier  modifications  in  tixe  metabolism, 
but  nothing  is  known  about  this. 

If  the  ammonia  forinadun  is  not  suHicient  to  cope  witli 
the  excess  of  acid  or  alkali,  another  meclianism  for  the 
maintcrtance  of  the  normal  reaction  of  the  organism  exists 
in  the  raf*iti  cxcrition  of  any  excess  by  the  urine,  in  the  form 
of  acid  or  basic  salts.  (Kree  acids  or  alkalies  never  exist 
in  the  body  beyond  the  alimentaiy  canal.)  Acids  and 
alkalies  arc  therefore  very  efficient  diuretics. 

On  account  of  these  mechanisms  it  is  possible  to  give 
vcrj'  large  amounts  of  acids  or  aikahcs  to  animals,  by  tlie 
mouth,  without  grcall>'  altering  the  alkalinity  of  the  blood.' 
Their  efficiency,  especially  against  acid,  is.  however,  not  the 
same  for  all  animals,  and  is  conspicuously  more  perfect  in 
camivora — probablj*  because  these  are  accu.stomcd  to  ingest 
a  certain  amount  of  add  with  their  food.  It  is  absolutely 
impossible  to  lower  the  alkalinity  of  the  blood  of  a  dog,  to 
such  a  degree  as  to  produce  symptoms,  by  introducing  acid 
into  the  alimentary'  canal,  unless  corrosion  be  produced. 
But  if  an  acid  be  injected  into  a  vein,  it  will  cause  vcr\'  pro- 
nounced symptoms,  and  these  may  also  be  produced  in 
herbivorous  animals  if  large  quantities  arc  given  by  the 
mouth.  They  will  result  in  death  even  before  the  reaction 
of  the  blood  has  become  neutral.  So  that  it  is  not  strictly 
correct  to  speak  of  an  "acid  action."  but  rather  of  the 
ejects  of  diminished  alkalinity. 

■     3.  (a)  Tltese  acute  effects  of  acid   injection — i.  t.,  of 
^  The  alkAlinity  of  the  blood  is  most  convenicnily  esUmatefl  by  ihe  CO, 
which  it  cmnica. 
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diminished  alkalinit)'  of  ttie  blood  ' — fall  upon  the  central 
nervous  systL-iii,  csjjccially  tlit;  medullary  centers,  and  are 
mainly  paralytic.  There  arc  coma,  convulsions,  depressed 
respiration  and  fall  of  blood  pressure,  etc.  Death  takes 
place  by  respiratory  paralysis.  These  symptoms  arc  at  once 
removed — even  in  the  last  stages — by  injection  of  Na^COj. 
This,  as  well  as  the;  fact  that  the  serum  in  acid-poisomng  is 
never  saturated  witli  CO^,  shows  that  the  cause  of  the  fatal- 
ity of  diminished  alkalinity  is  ncit  due  to  the  incapacity  of 
the  blood  to  take  up  the  CO,  formed  in  the  tissues.  The 
formation  itself  is  diminished. 

(b)  Diabetic  Coma. — These  phenomena  bear  the  closest 
resemblance  to  those  of  diabetic  coma.  Experimental  in- 
vestigation has,  indeed,  shown  tliat  the  excretion  of  ammonia 
in  this  disease  is  always  marketlly  increased,  jiointing  to 
the  presence  of  an  abnormal  amount  of  acid  in  the  body.' 
This  is  oxybut>'ric  acid ;  according  to  some,  this  again  is 
formed  from  /*-amidobut>'ric  acid.  As  to  the  origin  of 
the  latter,  but  little  is  known.  It  could  be  derived  cither 
from  fat  or  prottids.  The  theorj'  lay  near  to  refer  the 
phenomena  of  diabetic  coma  to  acid-[x>isoHing.  A^^ainst 
this  it  was  urged  that  the  amount  of  tliis  acid  in  the  urine 
was  insufficient  to  account  for  the  symptoms.  But  plainly, 
it  is  not  tJie  excreted  acid,  but  that  retained  in  the  lx>d\', 
which  would  be  responsible  (or  the  effects  ;  and  it  is  claimed 
that  recent  calculations  have  shown  that  the  alkalinit>-  of 
the  body  is  diminished  to  such  a  degree  as  to  suffice  for  the 
explanation  of  the  s\'mptoms. 

The  ratinnal  trtui/nutit,  then,  for  this  condition  would  be 
the  administration  of  alkali  in  sufficient  q\iantity.  just  as  in 
the  case  of  acid-poisoning  in  the  rabbit.  When  tins  has 
been  done  in  the  proper  manner  the  results  have  been  bril- 
liant. The  principal  difficulty  has  been  that  a  sufficient 
amount  of  alkali  was  not  used.  If  the  alkali  is  administered 
by  the  mouth,  in  the  early  stages  before  coma  sets  in.  it 
should  be  given  in  a  dose  of  about  40  grams  of  sodium 
carbonate  a  day;  and  if  coma  lias  already  set  in,  the  quan> 

'  The  alkalinity  ef  ike  hlooii,  as  well  a%  Its  CO,.  U  alio  lowered  by  phos- 
phoniA,  anfTiic.  and  other  ttH:tiiI>..  and  in  ilUbetC!).  It  is  incrnt^cd  in  |>tr|>- 
naocy,  n»  T^Wt  by  salts  of  oTf^Attic  acids,  which  may  be  comnined  in  the  diet. 

■  It  must  not  be  uippoted  thai  art  increov  nf  animmiia  in  the  unne  olwayi 
indicates  an  increased  lonnaiiun  uf  acid.  It  may  as  well  be  due  lo  changes 
preventiog  the  ultimate  stept  in  nitrogenoat  melaboUim,  /.  g.^  in  bepiulc 
diMwei. 
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tity  should  be  loo  or  200  grams.    Carlsbad  salt  is  also  use- 
ul  in  this  connection. 

If  such  large  quantities  of  sodium  carbonate  are  taken, 
they  will  produce  a  cathartic  etTcct.  This  purging  may  not 
be  entirely  useless,  for  it  is  conceivable  that  the  underlying 
cause  of  the  diabetes  is  found  in  toxins  formed  in  the  ali- 
mentary canal.  At  all  events,  plain  purges  have  been 
found  useful  in  such  cases,  and  so  has  pilocarpin,  used  on 
the  theorj'  that  it  helps  the  elimination  of  the  "  toxins."  But 
if  catharsis  occurs  after  sodium  carbonate,  so  much  may 
into  the  stools  that  it  may  be  impossible  to  secure  the 
-sorption  of  a  sufficient  amount  of  alkali.  In  this  case  it 
hould  be  given  by  intravenous  injection  of  0.3  ^  solution 
f  the  crj'stallized  salt  (Hypodermic  injection  is  apt  to 
cause  sloughing.) 

It  will  not  do  to  wait  with  the  administration  of  the  alkali 
until  the  coma  actually  sets  in,  for  it  may  then  be  too  late. 
Diabetic  coma  differs  in  this  respect  from  the  acid -poisoning 
in  the  rabbit.  The  reason  is,  tliat  in  the  latter  the  dimin- 
ished alkalinit)'  exists  mainly  in  the  blood,  and  may  be 
readily  influenced  by  the  injected  alkali ;  whereas  in  diabetic 
coma  the  acid  is  formed  inside  the  cells,  into  which  the 
alkali  penetrates  with  more  difficulty. 

4.  General  Effect  upon  Metabolism. — The  effects  of 

Jesscr  chinges  in  the  rtuwtion  of  body  tissiu's  must  be  rather 

'limited,  since  these  are  so  promptly  brought  back  to  nomial. 

Whilst  it  cannot  be  doubted  that  such  changes  must  have 

an  influence  upon  metabolism,  the  nature  of  this  cannot  be 

stated,  because  it  is  complicated  by  the  actions  of  these  sub- 

>stances  on  the  alimentary  canal.     The  latter  is  diflerent  in 

I  the  case  of  acids  and  alkalies.     Some  of  the  other  actions 

also   require  separate  consideration.     Orgamc  Acids  and 

E  their  salts  arc  rapidly  burned  to  carbonate  after  their  ab- 

fsorption  (see  p.  568) ;  so  that  the)'  act  as  acids  only  in  the 

alimentary  canal,  but  as  alkalies  after  they  are  absorbed. 


I 


(B)  EFFECTS  OF  DILUTE  SOLUTIONS  OF  ACIDS. 
I.  On  the  Alimentary  Canal. — (a)  Mouth. — Acids  have 
a  characteristic  "sour"   taste,  and   are   slightly  astringent 
in  the  mouth.     This  taste  determines  ttieir  use  as  flavors 
(see  p.  135), 

It  U  ooe  of  the  priocipal  elementi  in  Ilie  taste  of  wines,  fmiis,  etc 


SSo 
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The  addition  of  add  also  makes  it  possible  to  take  much 
lai^er  quantities  of  cold  water  than  could  be  taken  without. 
They  are  therefore  of  therapeutic  value  'm/n>crs,  when  one 
wishes  to  obtain  at  the  same  time  the  refrigferant  action  of 
cold  and  the  diuretic  effect  of  large  quantities  of  fluid.  They 
soften  the  enamel  of  the  /tv/A,  and  should  therefore  be 
taken  by  means  of  a  glass  tube. 

Tbey  also  rcfiezly  iocreaK  the  Qow  of  sa/rva,  bal  thta  is  of  liulc  pncbal 

importance. 

(b)  In  the  stomach  their  importance  Ues  in  the  fact  that 
pepsin  cannot  act  except  in  the  presence  of  acids.  While 
any  acid  may  answer  for  this  purpose,  hydrochloric  seems  to 
be  the  be.st,  and  is  most  efficient  in  the  concentration  exist- 
ing  in  the  gastric  secretion  ;  it  also  aids  in  the  solution  of  tk 
comucthe  tissuf  of  meats ;  and  it  determines  the  an/ist^ptic 
qualities  of  {;jastric  juice. 

(c)  Intestine. — Acids  increase  reflcxiy  the  flow  of  ptu- 
crtiitic  Juice.  If  free  acid  penetrates  into  tile  intestinal  canal 
it  acts  as  a  very  powerful  irritant  and  produces  increased 
pirisftt/sis.  Acids  given  b\-  the  mouth,  however,  are  usually 
absorbed  before  pa-ssing  the  pylorus,  so  that  this  cathartic 
action  is  seen  practically  only  when  acids  are  generated  in 
the  intestine  itself.  There  arc,  however,  certain  difficultly 
soluble  acid  salts,  snch  as  p<5tassium  bitartrabe  (cream  of 
tartar),  which  are  not  dissolved  in  the  stomach,  and  which 
may  therefore  extend  their  acid  action  to  the  intestinal  canal 
These  acid  salts  are  more  strongly  cathartic  than  ordinaof 
salts  in  tlie  same  conditions. 

2.  On  Urine. — .\cids  are  markedly  diuretic  ;  this  is  in 
part  a  sa!t  action,  in  part  due  to  the  H  ion.  The  urinefl^I 
become  more  acid  (due  to  acid  salts,  not  to  free  addsl 
This  leads  to  an  increascJ  irriiahility  of  the  murous  nun- 
brant's  of  the  urinary  p;issages,  so  that  inorganic  adds  vk 
to  lie  avoided  in  all  inflammatory  conditions  of  these  ongafti 
They  must  also  be  avoided  where  there  is  a  tcndenq'to 
the  formation  of  uric  acid  calculi.  It  may  be  repeated  thit 
they  increase  the  ammonia  of  the  urine  at  the  expense  (^ 
the  urea. 

3.  Effects  upon  Metabolism. — Outside  of  this  change  in 
the  ratio  of  ammonia  and  urea,  these  arc  quite  small,  asia/ 
as  our  present  means  allow  us  to  judge.  The  excren'oo  » 
nitrogen  seems  to  be  pretty  constantly  slightly  increased 
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Applied  directly  to  excised  orgaus, — muscle,  nerve,  etc.. — 
the  result  is  an  increase  and  subsequent  diminution  of  function. 

4.  Therapeutic  Uses  of  Dilute  Acids. — Their  impor- 
tance as  flavors  and  for  the  introduction  of  cold  liquids — 
the  latter  preferably  as  lemonade — lias  received  mention. 

The  dmretic  action  cannot  be  utilized,  since  they  are  too 
irritant 

They  are  extremely  useful  in  caaes  of  dyspepsia  in  which 
an  insufficient  amount  of  acid  is  secreted.  Hydrocliloric  and 
nilru-liydrocliloric  acids  are  preferred  for  this  purpose,  and 
these  act  best  when  combined  with  bitters.  They  would  be 
contraindicated  in  catarrhal  conditions,  in  which  there  is  a 
hypersecretion  of  mucus.  Even  in  normal  indinduals  the 
prolonfjed  administration  of  large  ijuantities  of  acids  is  apt 
to  prove  too  irritant,  and  interferes  with  digestion.  This  is 
tlie  explanation  of  the  popular  use  of  vinegar  to  reduce 
obesity.  A  direct  limitation  of  diet  would  seem  a  more 
rational  means  for  this  purpose. 

The  increased  flow  of  pancreatic  juice,  and  perhaps  also 
of  bile,  which  has  been  ascribed  to  acids,  is  probably  too 
small  to  be  of  any  value. 

The  increase  of  peristalsis  produced  by  acid  salts  is  of 
considerable  importance.  It  may  be  obtained  by  cream  of 
tartar.  This  has  the  advantage  over  the  ordinarj*  cathartics 
in  that  smaller  doses  suffice,  nor  is  its  taste  as  diiiagrccable. 

Their  use  in  fevers  depends  parti)'  upon  the  diuresis  and 
diaphoresis  due  to  the  increased  introduction  of  liquid.  It 
is  also  claimed  that  the  alkalinity  of  the  tissues  is  raised  in 
febrile  conditions,  and  that  this  is  counteracted  by  acids. 
Phosphoric  acid  in  large  doses  {10  Gm.  diluted  with  300  c.c. 
water)  is  said  to  depress  the  heart  and  slow  the  pulse,  but 
would  have  no  afh  antit;c  over  aconite  for  this  purpose. 

5.  Materia  Medica  of  Acids. — 


ttoa  fpp-  !*3  to  JS7). 


(A)  Summary. 

.umeof  Ihe  acid  tefc- ., 

numbers  refer  to  the  brtcl  descrlptiufi  ol  Ute  acicu, 


(Tbe  small  letters  (oDowinsIhe  name  of  Ihe  acid  refer  to  the  more  detailed  dcscrip< 
Ipven  <m  p«jie  sSj.' » 


Acids  mty  be  divided  into  iaor){iinic  ftod  orgaaic 

The  tDMgaaic  acids,  again,  into  /fydraaM,  containing  the  eleraeot  la  oom- 

bjnation  wilh  hydrogen. 
0.r^•aaUi^  containing  oxygen. 
Anhydridi,  wliich    yield   true   addl  only 
arier  taking  up  H,0. 

1  The  rtrof^  mioenl  adds  are  incnrnpatihle  wilh  organic  substaitces  and 
with  each  other. 
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TABLE  XVI.— IMPORTANT  INORGANIC  AaDS. 
I.  Inor|r>nic.     (These  are  all  soluble  in  water  or  aloi^l.) 

B.P  U.S.P. 


i 


Percent,  of  Percent,  of 

Pnre  Add      Pare  Add 

by  Wdcfat.    br  Wdsbt. 

Addum  Hydrocktericum  (a),  HCl 

(3,4)  (see  below)    .       .  .       31-79 

^^^Aadutn  Hydrocldoricum  DilU' 

turn  (3,  4)  ...  lasS 

Aeidum  Hydroeyanwum  DUutum^ 

HCN(l,4) .■    •    •   •  2.0D 

Aeidum  Hydr^rvmicum  DUiUum 

(b).HBr(i,3.4) IO.OO 

Aeidum  Ifydru>dicumjHl{t)' (if  4\        •  •   • 
In  form  of  Syrupus  Addl  Hydri- 
odld. 
Aeidum    Hydroiuiphuficum^  H,S 

(I.  4) 

^^ Aeidum  Nitricum  (d),HNC\ 

(2.4) 7aoo 

Aeidum  Mtrieum  DiltUum  (3,  4)  17-44 
Aeidum   Nttrokydroehhricum   (e) 

(2) 

^^^eidum    NitrohydroehUriaim 

iHlutum  (3,  4) 


31.9 

10.0 

2.0 

lao 
1.0 


68.0 
lao 


f  ■■■■J£n 

speoBC 

tiavkr. 
1.163 
i.o$o 

1.077 


1.414 

1-057 
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Aeidum  Phospkoricum  (f),  H^PO^ 

(3,4)  (ConceDtratum,  B.P.)  .  66.30  !>85-0  >t-7io 
Aeidum    Phoiphoricutn    Diluium 

(3.4) 13-80  10.0  1.057 

Aeidum  Sulpkurieum  (g),  H,SO, 

(2.4) 9800       >92.5        >i.835 

Aeidum     Sulpkurieum     Dilutum 

(3.  4)        ■    •  ; '3-65            "o-o  1070 

Aeidum  Sulpkurieum  Aromatieum 

(3) 13-80            20.0  .   .  . 

Aeidum  Hypopkospkoroium  Dilu- 
tum, HPHjO,  (I,  3,  4)  .    .    .    .  Not  offidal.  >I0,0  >l-046 

^* ^  Addum Borieum,  H^Oi{ltS)        ...             ...  ... 


Aeidum  Arsenosum,  ASjO,  (l,  5)  . 
•*        Ckromieum  (h),  CrO,  (2) 
(Yellow  solid.) 
Aeidum  Sulpkurosum  (i)  SO,  (1*4) 


I  

^      Aeidum  Sulpkurosum  (i)  SO,  (1,4)  "P^A         >'J<'35 

II.  Organic  Acids. 

Those  of  the  Fatty  Series  are  alone  available  for  their  add  dianclB 
(It  will  be  recalled  that  this  exists  only  locally,  but  disappears  tn  tbdr  i^ 
sorption.  They  are  all  soluble  in  water,  with  the  exceptioD  of  Oleic  vA 
Stearic  Acids.) 

The  most  important  preparations  are  marked  «*^ 


MATERIA    MEDICA    OF    ACIDS. 


S8$ 


{j1\  .'tciJt  of  tk*  Fatty  Stria. — The  offvcial  axnds  belong  to  t}ie  foltawing 
bemic  groups : 

'  /.  M9H<AatU  AfiJs,  C„H^  +  ,CO,H. 

Ariiitim   AceH.um  (kl,  HC,H,0,  (U.S  P.,  365E.)  (2,  4)    [B.P., 

An'i/utn  AcftirifN  Ghcialr,  >  99 *   (2.4)  (U.S.P.,  B.P.). 
* AcUum  Trifhhracftuitm,  HC,C1,0,  (2,5). 
*  Aadum  Formifum  (1),  H<'Ct,H. 
Atiiium  ^tariciim  {iii|,  HC,^H^O,  (I,  2,  5)< 
.  iJ£*.«/V  .-/rtrf/,  C^H^(CO,H),, 

Aiidum  OxalUum  {w),  1I,C,0^  -i    2H,0  (l,  5). 
.   OxymoHot>aii(  AiUii.  C„lI,„(CO,H  ((OH). 

Aridum  Liicikum  lo),  HCgH,(>,.  75'i,  (»,  4)  (U.S.P.,  B.P.]. 
.  Dhxydibasfc  Adds,  CJi,„_,)CO,H»j(OUL. 

Aiiiium  TiiTtarintm,  H,C,H.<1,  (5)  (U.S.P.,  B.P.). 
.   Oxytrihasit  Arii/!,  C.H,„_,(CO,H|,OH. 

^*tAcUum  atricNtn  (p),  1I,C-HA  +  H,0  (5)  (U-S-P.,  B.P.). 
6,  MonoAoiU  Anylit  Acids,  C^H,    _  ,|  CO,Fl ). 

Acidum     OUifum    (q),    HC,,H„0,    (I,    2).       Brownish    IJqnid 
(US.P,.  D.P.I. 

(/f)   Compoiitum  of  AciUi  of  tht  Arumatic  Scrirt.   (These  are  ncrcr  ustd  for 
their  add  chsnctcr. ) 


I 


<C;H.  ^  Bcniol.) 
C;fl^.CO.U  =BcQzoic  Acid. 
C,H,(CO,H),  =  Salicylic  Add. 
C,I1.M  0,H).  =  Gallic  Acid. 
2(Ht,HjOj)  —  H,0  ^  HC„H,0^ 
Gallk  Acid.  Tannic  Acid, 


QIIj.OH     =  Carbolic  Add. 
C,H,(OH),  =  PyrogaJlol. 


I.   Acid  Salts. 

^*,  Potmui  BUariras.^CrtatM  of  r<»^«»r  — KHC,H^O,.  Solal>le  rn  aoi 
pdutfi  of  water.  Dote  :  Diuretic,  I  to  3  Om.  { t$  to  45  grains) ;  purgatiPc,  4 
tn  15  Gm.  {^  ta  *4  ounce). 

»  Brief  Description : 

(1)  Not  OMd  thcmpculicnlly  as  acids. 
(3)   Used  only  exiemnlly 

(3)  D<fs* :  0.1  to  I  c.c.  II  to  15  minims).  Diluted  in  half  a  tumbler  of 
water,  best  taken  thrmigh  a  gl-i^^  lube. 

(4)  ColoHess  liquid. 

(5)  Colotless  or  while  solid. 

(6)  All  the  U.S.P.  dilute  acids  oanlain  lo%,  with  the  exception  of  Acetic 
(65t),  Hydrocyanic  (afi). 

ft  (B)  Details. 

"^fa)  Aritinm  Ifyiif(y<-hlOrieum  (Muriatic  Acid)  :  Pref^irfd  by  henling  NftCl 
aod  H,SO,  ftivd  dic^jWing  the  gaseous  MCI  llius  formed  in  wat<*r.  The 
rmde  acid  is  obtained  as  a  by-pnKluct  in  chemic  industry-.  The  strong  add 
fgrtxA  fumes  when  brought  near  ammonia,  or  even  in  the  air,  due  to  Ihe  U)niu< 
lion  of  NH^a. 

The  iommfrnai  acid  ( strength  =  30 ;?.  to  33  ;f )  has  a  golden  >'eHow  color 
due  to  Fe  and  free  CI.  Since  it  often  contains  As,  it  should  not  be  used  la. 
internaJ  medicine. 

*  Not  ofRdal. 

The  most  impoctant  prepairations  are  marked  ^^ 


584 


REMOTE    ACID    AND    ALKALI    ACTIONS.       CH.  XXVL 


(b^  Acidum  J/viirohr-omicum  DUutum ;  PrepAred  by  dKOmrxMiftg  B«Br, 
with  H,SO,.  I(  bos  Ucc»  owd  u  n  ncrvuuit  sedative,  bul  il>  u^fuiocwaft  coni' 
pared  with  )x>lasisium  bn)mid  is  more  than  doubtful.  The  arid  »oiiie(iines  wtc- 
quires  a  ycilow  color,  due  tu  the  liberation  of  Br.  It  should  not  be  employed 
in  thi&  cuuditiuii. 

(c)  *  Aiitfum  JiydrioHifum:  (Jn  nccouot  of  iu  rendy  decmnpoftition,  thi» 
■cid  is  never  kepi  m  such,  bul  in  Ihe  forni  of  Syntfus  Afidi  //ydrttuiui. 
This  li  niitde  bv  decunipufin^  KI  with  Tartiiiic  Acid.  Tlie  keeping  qualities 
are  improved  by  the  addition  of  I'olA^siiiin  Hy|»ophotphite,  l"he  *yTup 
keep!)  better  in  direct  sunlight,  h  is  used  for  Its  lodin  rather  than  for  its  acid 
qualities. 

tdl  Acitium  Nilricum  :  Made  by  decomposing  NaNO,  by  H,SO,  and  di*- 
tiUing  the  product. 

The  oJTicial  concentrated  Acid  is  culurlc&s,  einit*t  fumes  uf  hypoQiUtMis  add 
when  exposed  to  air,  and  octjuires  a  ydlow  color.  It  stains  organic  matter 
yellow  ;  this  is  changed  to  orange  by  alkalies 

Important  arc  aImi  : 

*  Aridttm  tVifriatm  TtcAmcum :  Conunerdat  Nitric  Add  (Aqua  foctis), 
6oj8  to  64%. 

Aciiium  Nitrifum  /■timans :  AlmuM  almulule  HNO,  saturated  with  NOp 

The  concentrated  acid  i*  uwd  •*  a  caustic  (a^h^  rod);  a^iniU  hyperhydroeii 
of  feet  ( I  tu  z  oz.  to  ]«il  of  water )  ;  u&  Uiiinfcctani  ( will  coiTude  metat  veueh 
or  pipe*  I). 

(cl  Aridum  Nttrokyiirixhhrifum  (NitromuriAlicum)  (U.S.P-,  B.P.)  (Aqiui 
Kegia) :  Made  by  mixing  I  volume  concentrated  HNO,  with  4.5  voliiiuc>  llCI 
in  an  u|»en  tcmcI  and  allowiDg  the  mixtnn-  lu  cfTcrvctce.  Tlie  compoMtion 
is  somewhat  variable,  hut  the  hiial  product  contains  KOC1  and  CI,  besides  the 
two  original  ackU.     It  i^  therefore  a  very  powerful  solvent  and  oxidizer. 

Tlie  diiule  acid  ii  niflxle  by  diluting  the  al>ove  with  3  %  volumes  of  water. 
That  qA  the  Brilish  Pharmacoixria  is  somewhat  rrKire  dilute.  On  account  of 
the  free  chlorin,  it  mny  be  suppoM:d  to  hnt^e  a  stronger  local  irriiani  acli'Ni 
than  HCI.  It  i*  popnlarly  su]>(io»ed  to  "  slimulaie  the  liver,"  but  its  action 
does  rwt  differ  in  kind  from  thnt  of  other  acids. 

<f)  Aeuium  PhinfdiorUum :  11io»phoric  Anhydnd  (f*,0,)  fonns  three 
acids; 

PA  +     HjO  =  H,P,0„  ^  2iHI*0,)    =  Metaphoaphoric  Add. 
P,0,  +  aH,0  =  H^r,0,  =  Pyropho»phoric  Acid. 

P,Oj  -^  3HjO  =  H,P,0,  ^  aCHjIO,)  =  Ortbophosphoric  Add. 

The  last  is  the  one  oftirinl.     It  rorms  three  series  of  salts ;  thus, 

NaH.PO,,  acid  sodium  ^ihosphale. 
Na,(lPO^,  neutral  sodium  pho^hate. 
Najl'O^,      bfiAic  sodium  phosphate. 

It  is  prepared  by  burning  phosphorus,  dissolving  the  oxids  in  water,  and 
complctiog  the  oxidation  with  liNO,. 

Phosphoric  acid  is  <uiid  to  be  le<ts  detrimental  to  digesticm  than  otbet  adds; 
tlic  cndence  for  tbi^  <itAtement  is  rather  wcnk. 

(g)  Acidum  Sufphurimm  ; 

PrtpariUum. — The  commercial  ("Knglish")  Sulphuric  Add  is  made  or  a 
large  scale  by  burning  pyrites  'impure  iron  sulphid)  or  native  sulphur.  The 
SO,  is  oxidircd  by  means  of  nitrous  fumes  produced  by  the  action  of  concen- 
trated H,SO,  nn  Chili  saltppter  iNaNO,).  The  product  is  condensed  tn  a 
system  of  leaden  chambers  in  the  presence  of  !:tenm,  and  concentrated  firil  in 
leaden  pans  and  then  distilled  from  glass  or  platinum  retorts.    This  commercial 

•  Not  official. 
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acid  is  Apt  lo  coouio  Aneoic,  and  is  therefore  not  to  be  used  in  medicine 
until  further  [mrificd. 

Ckaraifrrj. — The  (ifltcisl  acid  i^  an  oLljr,  colorlrM  liquid, aci|uiring  a  brown 
color  if  exposed  to  dust.  Very  intensely  <X'rr(Mive,  charring  organic  lubstancet, 
Mijcible  ID  all  pruj^urtiuiis  wilh  wulei  or  alcohol,  under  Itte  evolution  of  much 
beat.  (Such  inixing  mu^l  be  done  very  cauliou>ly  l>y  slowlv  jwuriiic  the  •tciJ 
tnia  thfwo/er,  under  con&tani  Mining.  |  It  has  a  .'ipccttic  gravity  of  i.8j5,  and 
boib  a(  338°  C,  disLilliuK  without  decomposition. 

VttKtnJ  Dcse. — As  other  inorganic  acid&.  Vtn-  frequently  u»ed  for  the  liber- 
ation of  gases  (SO,,  H,S,  etc. ),  for  which  purposes  it  is  best  diluted  with  4  vol- 
umes of  water.  It  is  also  o»ed  for  tiUint;  the  porous  cup  in  Daniel  batteries 
(dilated  with  8  volumes  of  water). 

The  *  Commfr(Ml  Suif'huric  AtiJ  (Oil  of  Vtlriol)  is  very  apt  to  contain 
Arsenic,  and  should  not  be  employed  in  medicine. 

Arcat'ific  SulphHrif  Arid  is  a  mixture  of  H,S(1,  and  alcohol,  containing 
eihyl- sulphuric  acid.  It  is  doubiful  whether  it  pos.<«.'>^s  any  advantage  over 
other  acids. 

(h)  AciJ  Ckromicum :  Chromic  .^cid.  Chromic  Aiibvdrid.  CrOj.  Mode 
by  decomposing  Potassium  Bichromate  with  Sulphuric  Acid  and  cr>-fttalliziTie : 
K,Cr,0.  -t-  HjSO,  —  K,S*),  +  H,0  +  2CrO,.  Very  soluWe  in  w«ter;  decom- 
po»es  all  organic  liquids,  often  with  eaplouoii.  Melta  at  193^  C,  Used  only 
eaiemally  as  an  astringent  irriinni  {i%  to  15%),  or  concentrated  as  a  caustic. 
Also  used  against  sweating  leet  '  5  v  toluiion  |- 

(i)  Aciditm  Sulphurtuitm :  Sulphutuu*  Ad<l.  A  solution  containing  at 
least  6.4'i^  of  Sulphur  Dmxid  iS(.">j). 

Prtp»*ati6H. — Sulphunc  Acid  it  made  to  act  upon  chnrcoal,  and  the  SO,  it 
dissolved  in  wairr.  1  For  small  ijuanlitics,  exIemjMiranemisly,  it  suffices  lo  act 
on  Na^O,  with  H,S<J^. ) 

It  must  be  kept  in  stnall  glus-stoppered  amber'-colored  bottles- 

Ckargfttr. — tLj)Iorte»  liqnid  of  characleriMic  odor, 

L'i/J.—Ai  antiseptic  in  «kin  and  parasitic  disease,  etc.  Against  gastric 
CenneDtatioa  1  c.c.  ( 1  j  n\,).  diluted. 

SO^  (■omted  by  the  combustion  of  sulphur,  is  a  favorite  disinfectant  for 
rooms 

'*  Atiiium  Oimicum  :  OiO,.     Used  only  in  histology  for  fixing  liisats. 

ik)  Aeiiium  A(rtt(tfm  :   Arelic  Acid.      C,H,li,H. 

AciJ.  AittU.  QlQCvaii :  (jtacial  Acetic  AckL  Nearly  or  quite  absolate 
Acetic  Acid.     Congeals  at  somewhat  below  15"  C 

Aritium  Acetintm:  Acetic  Acid,  of  a  atrengtli  of  36 1(  by  weight  This 
convsponds  approximately  to  the  No.  8  add  of  commerce. 

Aiui.  Aettu.  Dii.  :  Dilute  Acetic  Acid.  Made  by  mixing  too  iita.  of 
Acetic  Acid  with  500  Gm.  of  distilled  water.      Il  contains  fi%  by  weight. 

*  Aifttim :  Vknes^ar.  A  dilute  impure  accUc  acid,  of  a  suengih  of  6^, 
obtained  by  the  rcrmentaiion  of  vinous  liqoon.  TImI  made  by  the  "  rapid 
process  "  frriai  dilute  alcohol  is  the  one  vntitntA  in  nteilical  praciice,  but  those 
obtained  from  wine,  cider,  etc.  are  aim  emf^oycd  by  the  laity.  Vinegar 
serres  the  «anie  purposes  as  dilute  acetic  acid«  bni  b  infcfior  to  it  m  kxeping 
qualities. 

*  Aeftnm  PyroiigHOtmm  :  rjlinllii»f«iM  Add.  Wood-rincgaf .  A  prodacC 
of  the  destznctire  distilUtioa  <d  wood^  eaBUnaa^  5  ](  10  7  %  Aeetk  Add,  lowe 
Hcthyl-alcohol,  Acetone,  and  Tar. 

Used  extermdly  to  combine  effects  of  acetic  acid  and  tar. 

Fkeparation  of  pore  Aettie  AtiJ :  DtstiUatKm  of  Sod.  Acetate  with  Sal- 
phnric  Add. 

Prtparaticm.^^^mAn  tko»t  menlMoed  abot«^  dttrtt  Aealk  Acid  it  mtA 
u  a  solvent  in  the  class  of  oceta. 

The  dilute  Acetic  Acad  i>  also  often  Bavornd  with  aseswtka  (Aod.  AmL 
AromaL,  rh.G.}. 

•Notoftdal. 
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Doie: 

Internally.  Ac  Acet.  Dil. ;  5  lo  lo  c-C.  (^jtotiss). 
ExtemnUy  and  for  gargles,  dilute  1 :6  (  =£  1^). 

Ayairi^l  corns,  36^^, 

In  jiroporiion  of  1%  is  frcciiicnl  addition  to  hair  washes. 

Aeiiium  Trichlcraaiicum ;  C,CljO,ll.  Prepared  through  oxidatioD  of 
chloral.  UMd  in  substance  or  stmiig  Bolution  as  a  caustic  ;  especially  againtf 
warts:  i(  <s  l»s  painful  thaa  nitric  acid. 

(I)  *  Afiiium  FermkutH  :  f-'ormie  Adii,  HCO,H. 

Formic  acid,  as  official  in  Germany  and  Switzerland,  contains  25%  of  the 
absolute  acid.     It  is  preiiarcd  by  th<f  oclinn  of  oxalic  acid  00  glycerin. 

It  is  used  only  exi'trnally  as  a  coumerimum  in  the  form  of 

*  Spiritus  Fonuicarum : 

f  Formic  Acid,  25  ^ 1 
Alcohol J5 
Wotci       13 

(Formerly  prepared  by  macerating  ants  in  alcohoL) 

(m)  Aciiiym  Sifarieum  :  Stearic  Acid.  C,,H^,0,. 

Preparalwn. — Ttic  ufficinl  add  is  the  atilinary  more  or  less  impure  cosh 
mercial  fomi,  ubtairii-d  by  llie  ducoin)Koilion  of  fats,  esi>ecially  tallow,  with  acid, 
cither  directly  or  after  previous  saponification,  and  separating  the  more  Ii4{u4 
portion  lOleic  Acid)  by cxprcs:tion. 

The  solid  product  cunlaias,  bcsidea  sleafic,  also  palmitic  and  oCber  straUf 
fatty  acids. 

Choracters. — A  lianl,  white,  odorless  and  laalclcss  solid,  soluble  in  alcofcol 
and  more  icodily  in  ether,  melting  at  a  temperature  ikot  lower  than  56"  C 

Uifi. — To  give  consistency  to  salves  ond  cerates, 
(r)  *  AnJum  Oxaiicum:  Oxalic  Acid,  C,H,0,  -f-  2H,0. 

fWfx»rot>i>n. — [it]  By  the  action  of  II  NO,  on  sugar  or  starch,  or  (A)  byfuanr 
sawdust  with  a  mixture  of  KOH  and  NaOH.  For  medicinal  use  it  is  punM 
by  rccry:itallizalioi). 

CMarttftfri, — Small,  colorless  and  odorless,  rery  acid  crystals.  Soluble  ii 
10  parts  wAler  or  2.5  jiarts  alcohol.     It  h  bibosic. 

t/sts. — Acts  OS  a  caustic,  but  should  not  be  used,  on  account  of  its  ttaic 
action  after  absorption.  It  is  mainly  of  importance  on  accoaot  of  its  tntl- 
cology,  having  often  been  taken  in  mistake  for  MgSOj,  etc.  The  ckeiwC 
antidotes  are  time-piepamtions  [chalk}. 

(o)  A'uium  LaetieHm:  Lactic  Acid,  HC,H.O,.     1S%' 

PrtMrulumi. — Invert  sugar  i^  iybjected  to  foctic  fenncntation  in  the  pfi* 
ence  of  linc  oxid.  The  einc  lactate  thus  funned  ti  decomposed  by  ll|S,  sad 
the  filtered  solution  is  evaporated  to  the  required  degree, 

CAumftfTi. — Syrupy,  intensely  acid,  cokitles*,  ntid  odorless  liquid.  Mild- 
ble  with  water,  alcohol,  or  ether. 

L'jfs, — Caustic,  especially  for  djiuolving  diphtberitK  membraoes  (I  ;5l< 
There  are  no  indications  for  its  use  inTemally. 

(pi  Aeiiium  CifricHm  :  Citric  Acid.  C,H,Oj  +  H,0  {tribosic). 

Citric  Acid  is  widely  di!(tnl>nted  throughtHtt  the  vegetable  kingdoa,  onv 
ring  either  free  or  combined  with  K.  Ca,  or  Mg  It  exists  in  largest  qa>ai>? 
in  acid  fruif^  of  alt  kinds,  usually  along  with  MalonJc  and  Tarunc  and  othtf 
vegetable  acids. 

Ij^mon  juice  is  allowed  to  ferment,  during  which  pnxeu  the  gufflnriM'* 
ter  precipitates.  The  proteids  are  remored  by  boilii^  and  the  lilletcd  jws 
is  treated  with  rhalk.  The  calcium  citrate  is  dieco«npo»ed  by  >1,S0^  aod  Ai 
citric  acid  separated  by  crystaltiMtloa. 

*  Not  oSdal. 
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Lctnon  juice  conuins  6^  to  8f^  of  the  acids. 
A  large  lemon  contains  about  4  Gtn. 
A  5  :  1000  solution  makes  the  ordinary  lemooade. 
Ectcmoilx  il  hu  been  lued  in  lo%  to  20^  solution  to  dissolve  diphtheritic 
■Dcnibrane^^ 

Ad  iffipoTtanl  uk  is  againit  scurry. 

•      ,•,  Syrufiw  Acitii  Citnci,  1  ^  .     Dost  /  5  to  20  cc.  (  3)  to  iv). 
(q)  AnJum  Oificum:  Oleic  Acid,  C,,HjjOj. 
Prf^rtttu*n. — An  impure  acid  mode  by  sepaiaimg  the  lit^utd  portioo  of 
Ihe  conunercial  acid  aflcr  cooling  to  5°  C.     This  counnercial  sctd  t»  obtained 
fts  a  by-pnxluct  in  the  manufocturs  of  fwlearin  candle^. 

Charatifn. — A  yellowish  oily  liquid,  of  a  lard-like  odor  and  taste ;  specific 

Ieravily,  0.900;  inwtlnblr  in  watrr,  Milublt-  in  alcohnl,  elher,  and  Mtlvents  of 
fais  ;  becomp^  sMui-snlid  at  4"  C. 
tTiti. — Hinrmaceuiicallyin  the  preparation  of  tbeoleales  (see  p.  69} ;  alw 
in  plasters  and  .sua]>s. 
rC)  EFFECTS  OF  DILUTE  ALKALIES. 
I.  On  the  Alimentary  Canal. — (a)  Soluble  Alkalies. — 
By  virtue  of  their  salt  action  and  their  chumic  nature,  alka- 
lies will  produce  an  irritation  of  the  mucous  membrane 
of  the  stomach.  Their  local  action  cannot  extend  beyond 
Uiis  oi^aii,  since  they  arc  neutralized.  This  irritation  will 
be  stronger  or  milder — and  accordingly  harmful  or  useful 
— according  to  the  concentration  of  the  alkali  and  t]ie 
amount  introduced.  A  mild  degree  of  irritation  will  re- 
flexly  increase  the  yftra'  0/ gastric  juii-t  and  also  lead  to  a 
more  efficient  absorption,  as  in  the  case  of  plain  salt  action. 
The  process  of  absorption  will,  in  addition,  be  favored  by 
a  solution  of  the  mucus  which  forms  a  lining  to  the  walls  of 
the  viscus — mucin  being  more  soluble  in  alkalies.  The 
activity  of  the  pepsin  of  the  gastric  juice  will  be  reduced 
by  them. 

(b)  On  the  Intestine. — On  the  other  hand,  they  will 
reduce  the  acidity  of  the  chj'me,  and  thus  increase  the  alka- 
linity of  the  intestine,  even  if  they  are  themselves  neutral- 
ized and  absorbed  before  reaching  the  duodenum.  In  thiji 
way  they  may  favor  the  emulsificabon  oi  fats,  and  the  action 
of  the  pancreatic  finmnts  if  there  is  not  sufficient  alkali  in 
the  intestine.  The  insoluble  alkalies — calcium  carbonate — 
Would  have  less  action  in  the  stomach  and  more  in  the 
intestine. 

(c)  It  is  e\ndent  that  these  eflfects  would  ofl*cr  no  advan- 
tage  in  normal  conditions.  ExpcrimcnLi  show  that  whilst 
small  doses  of  alkalies  have  no  eflfect  upon  the  utilization 

The  moit  tmportasi  prepuatioot  an  marked  »**r 
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of  food,  lar^e  amounts  lessen  it.  It  is  to  be  presumed  that 
the  normal  amount  of  mucous  coatiny  in  the  stomach  sup- 
plies a  needed  protection  ;  the  neutralization  of  the  HCI 
would  practically  end  gastric  digestion  ;  and  tlic  normal 
acidity  of  the  chyme  is  not  sufficient  to  interfere  with  intes- 
tinal digestion,  and  indeed  supplies  a  useful  stimulus  to  the 
secretion  of  pancreatic  juice.  The  neutralization  of  the 
gastric  juice  also  destroys  its  bactericidal  action.  (Indoxjl 
may  be  caused  to  appear  in  large  quantities  in  the  urine  cf 
a  normal  imtividual  by  a  liberal  administration  of  chalk.) 

(d)  But  the  facts  arc  very  different  in  pathologric  coa 
dltlons;  /.  t:,  when  there  is  a  hypersecretion  of  mucus — as 
in  gastric  catarrh — or  a  hyperacidity  as  the  result  of  fer- 
mentation. The  former  may  line  the  gastric  wall  with  a 
coating  alike  impermeable  to  the  digestive  secretions  and 
products,  and  this  the  alkali  will  remove;  \s'hilst  loo  great  a 
percentage  of  free  acid  will  cause  severe  and  harmful  irrita- 
tion and  interference  with  the  action  of  ferments. 

2.  EfEects  upon  the  Secretion  of  Urine. — The  strrcm 
of  urine  is  ivciriLsai  by  all  alk.iiics.  This  is  due  partly  to 
the  salt  action,  which  is  especially  large  since  the  alkalies 
possess  a  conspicuous  pL-netratlng  power.  In  addition,  ow 
must  also  assume  an  ion  irritation. 

Precisely  the  same  effect  can  be  secured  by  tJie  adnnnis- 
tration  of  salts  of  the  organic  adtis,  especially  citrates  of 
acetates,  and  this  without  causing  any  gastric  disturbance, 
which  latter  may  interfere  with  the  administration  of  alkalies 
The  accLites  are  preferred,  since  they  are  the  least  cathartic 
of  these  oi^anic  salts. 

The  diuresis  also  increases  the  absolute  amount  ot  ali 
salts  excreteii.  although  their  percentage  is,  of  course,  les- 
sened. The  alkalinity  of  the  urine  is  increased  by  an  cxoc« 
of  basic  salts.  The  urine  is.  in  consequence,  hss  irrtfaliif 
to  the  mucous  membranes  with  which  it  comes  in  conort, 
and,  at  the  same  time,  it  is  mildly  stimulant 

To  secure  this  alkah'nity  "  Gm.  of  sodium  carbonate  w 
15  Gm.  of  sodinm  acetate  or  citrate  are  required  per  day. 

3.  Effects  on  Metabolism. — On  account  of  the  impor- 
tance of  the  alkaliite  reaction  of  the  tissues  for  their  funcfin'R 
it  might  be  expected  that  any  modi6cation  of  this  alkalinity 
would  profoundly  modify  the  general  metabolism.  Il«* 
formerly  supposed  that  the  alkalinit>*  caused  an  incroseJ 
oxidation,  but  tliis  is  not  supported  by  any  direct  crideoce 
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[As  has  been  pointed  out.  the  change  in  reaction  can  only 
be  ver>'  brief,  and  it  is  apjyarently  not  large  enough^  or  not 
of  such  a  nature,  as  to  be  demonstrable  by  our  present 
methods.  Tlie  actual  results  in  regard  to  the  total  excre- 
tion of  nitro|^cn  arc  somewhat  variable,  but,  on  the  whole, 
negative. 

Tfaey  an  cntainly  not  greater  than  tiiighl  be  expected  rrom  the  pure  smll 
•ctkiA.  oc  from  the  inlerfercnce  wiitt  digeuion  which  would  resull  from  large 
doaes.  (Doses  »  large  as  13  Gm.  uKliam  cnrix>naie,  30  Om.  of  sodium  bi- 
cmrbonate,  or  40  Um.  »odiuin  citrate  do  not  influeoce  the  total  aitru|[eD 
cxcretioo.) 

The  proportion  of  tiic  urea-nitrogen  is  increased  at  the 
expense  of  the  ammonia. 

As  10  any  increase  or  decrease  of  uh^  an'J,  this  has  not  at  the  present  time 
been  sufiicienlly  dcmunslraled.  The  etVect  upon  ou-Uoii  metabolism  is  e<{UAlly 
ftiitall  and  uncertain. 

The  benefit  of  r//nr  aciif  in  scuny  is  purely  an  empirical 
result,  for  which  there  is  at  present  no  explanation. 

4.  Effect  on  Mucus. — Mucin  is  more  soluble  in  alkaline 
media,  so  that  the  alkalies  HissoK-e  any  accumulations  of 
mucus  or  render  them  more  fluid.  At  the  same  time  they 
jSncreasc  mucus-secretion  through  an  irritant  and  ion  action. 

5-  The  application  of  alkalies  to  isolated  organs,  muscles, 
nerves,  etc.,  usually  results  at  first  in  an  increase  and  then 
in  a  diminution  ot  function. 

6.  Therapeutic  Uses  of  Alkalies.— (a)  Digestion.— 
|ln  catarrhal  conditions  alkalies  would  be  useful  through- 
out the  alimentary  canal  by  tfissoAtng-  the  mucus  which 
Icwens  the  pt;rmeability  of  the  walls  of  tlie.se  organs,  pre- 
venting at  once  the  pouring  out  of  digestive  juices  and  the 
absorption  of  the  digestive  products.  It  forms  a  similar 
impermeable  coating  about  the  masses  of  food.  Further, 
tlie  mere  presence  of  a  large  amount  of  indigestible  material 
— and  tenacious  mucus  must  be  regarded  as  such — is  in 
itself  irritating. 

In  addition  to  this  soUition  of  mucus,  the  alkalies  may 
be  useful  in  counteracting  tlie  irritant  effects  of  t-xccsnvc 
acidity.  The  amount  of  acid  normally  present  in  the  ali- 
mentary canal  must  be  considered  as  the  best  condition  for 
it  A  slight  temporary  increase  in  this  is  of  no  importance, 
but  if  the  acidity,  especially  of  the  intestine,  is  kept  per- 
manently liigh,  a  chronic  irritation  is  set  up,  and  leads  to 
gastro-intestina!  catarrh.    Such  a  permanent  increase  of  the 
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addity  may  be  caused  by  acid  articles  of  diet. — **.  g.,  sour 
wines,  etc.. — or  it  may  be  the  result  of  fermentative  pro- 
cesses. A  rather  rapid  formation  of  acids  leads  in  this  way 
to  the  sutnmer  diarrhia  of  infants. 

When  tiie  acid  is  introduced  from  without,  the  principal 
indication  is,  of  course,  to  put  a  stop  to  its  introduction  ;  if 
it  is  foimod  in  the  intestine,  to  neutralize  the  already-formed 
acid  and  to  ri;nn»vcthc  means  uf  its  formation,  so  as  to  pre- 
vent its  recurrence. 

If  tile  hyperacidity  is  in  the  stomach,  it  may  be  neutral- 
ized  by  any  of  the  soluble  aikaiies,  sodium  bicarbonate 
being  the  most  useful.  If  it  Is  in  the  intestine,  the  .soluble 
alkalies  will  not  be  advisable,  because  they  are  neutralized 
or  absorbed  before  reaching  tiie  place  where  their  action  is 
desired.  In  this  case  the  insoluble  alkaline  earths  or  their 
carbonates  are  given.  (Strontium  and  barium  are  excluded 
on  account  of  their  specific  toxicit)'.)  If  neutralization  with- 
out catharsis  is  required,  calcium  salts  in  tile  furni  of  linic- 
watcr,  chalk,  or  calcium  phosphate  would  be  employed  If 
the  cathartic  action  is  also  desiiable,  magnesium,  as  the 
oxid  or  carbonate,  may  be  used.  Catharsis  may  also  be 
obtained  by  tlie  addition  of  vegetable  cathartics,  such  as 
rhubarb  or  senna. 

(b)  Urine. — The  diurcti£  action  of  alkalies  is  one  which 
is  very  frequently  emploj^ed.  As  has  been  pointed  out. 
tliis  is  best  secured  by  acetates,  to  avoid  the  local  action  of 
free  alkalies  on  the  alimentary  canal.  The  t/icn-asi<i  a/i-a- 
Unity  of  the  urine  is  u.scful  in  infiammatory  cotuUtimts  of  the 
urinary  passages,  in  which  the  acid  urine  acts  as  an  irritant 
The  increased  alkalinity  has  also  caused  the  use  of  alkalies 
in  gravel,  on  the  theory  that  they  dissolve  the  uric-acid 
calculi. 


This  osc  is  based  on  the  fact  that,  m  Uie  test-Cube,  free  alkalies  and  their 
carbonates  di»io]ve  uric  nciil  quilc  nradily ;  m>  also  do  certain  or^nic  bases 
like  pigwrasin  =  diethylerKlmiuiu  : 

The  comlilions  are,  however,  quite  difTerenl  in  the  body.  Alkaliei  are  not 
excreted  b*  such,  nor  as  ciubauates.  Tliey  caiintit,  therefore,  cunven  frre  uric 
acid  into  soluble  nlkaline  orates,  hul  at  mast  inl»  acid  urates  which  are  altnost 
as  inmlublc  as  uric  acid  itself.  It  would,  therefore,  be  absolutely  impvuible 
to  effect  in  this  way  (he  solutiou  of  even  very  small  calculi.  At  tbe  *>atne 
tilDet  siace  the  uriac  i:^  less  acid,  the  prcdpitatiup  of  phosphates  Will  be 
favored,  and  this  may  incrrase  the  sice  of  the  stone. 
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ilLKAUES    IN    GRAVEL. 

Tn  some  cases,  however,  alkali  may  be  useful  In  reducing 
the  acidity  of  the  urine,  and  tlius  pre\entin<{  further  increase 
in  the  size  of  the  stone.  In  sevenil  instances  it  has  been 
observed  that  it  caused  tlie  breakin<^  up  of  large  stones 
into  small  fragments.  This  cannnt  be  attributed  to  a  solu- 
tion of  the  uric  acid.  The  explanation  is  that  probably  the 
calcuU  were  composed  originally  of  small  fragments  glued 
together  by  mucus,  and  tliat  the  alkalies  caused  the  solu- 
tion of  the  latter. 

Alkalies  will  also  be  useful  in  these  conditions  by  lessen- 

Hing  tlie  irritability  of  the  urinar)'  passages.      If  alkalies  are 

"  given  at  all  for  this  purpose  tliey  should  be  in  tJie  form  of 

acetates   or  citrates   of  potassium   or   lithium,   since   tlicse 

metals  form  more  soluble  urates  than  does  sodium. 

^ft        Uratrvftiu  hius  quite  t  tnarkci]  «iilvent  power  for  umTc  calculi,  when  it  i« 
^■cucrrted  hy  (he  urine.     Since  it  doei  not  itself  poueu  this  property,  it  must 
be  rciened  to  Its  decomposition  products. 

B  There  appears  to  be  still  less  reason  to  accept  any  solvent 
action  of  alkalies  on  urie-ucid  deposits  hi  tlie  body,  although 
the  alkahes.  and  especially  lithium,  are  still  extensively  used 
Bon  this  theory  in  the  treatment  of  gout.  Others  have  at- 
"  tempted  to  explain  their  cftbcts  by  assuming  that  they  cause 
an  increased  oxidation  of  urates  into  urea.  This  also  cannot 
be  considered  as  demonstrated.  Their  employment  would, 
therefore,  be  entirely  empirical.  The  main  reliance  in  tlie 
treatment  of  gout  must  still  be  placed  upon  proper  diet  and 

■  hygiene. 
Their  employment  in  diaditic  corna  has  already  been  dis- 
cussed (see  p.  578).     They  arc  also  employed  against  tf^i-jr/Zy, 
their  effects  being  probably  explained,  like  those  of  add, 
by  the  derangement  of  digestion. 

(c)  Mucus. — The  solution  of  mucus  by  alkali  is  of  use 
not  only  in  the  intestinal  canal,  but  in  other  situations.  It 
is  used  in  tliis  way  as  an  expectorant  It  has  also  been 
used  in  catarrhal  dysentery  (enemata  of  1  ;  500  sodium  bicar- 
bonate). The  false  membranes  of  dipiitheria.  croup,  etc.» 
are  also  composed  largely  of  mucus,  and  may  be  broken 
down  by  alkalies.  They  are  best  emplo\-ed  in  this  case  in 
the  form  of  a  steam  saturated  with  lime-water,  commonly 
prepared  by  inhaling  the  vapors  produced  by  slaking  lime 
in  the  sick-room. 
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^*tSapo  (U.S.P.,  B.P.),  Soaf  (White  Castile  Soap,  Venice  Soap).— An 
oleate  of  sodium,  prepared  from  olive  oil  and  soda  : 

C,H,{C„H«O0,  +  jNaOH  =  3Na(C„H„0,)  +  C;H5{0H), 
Olive  Oil.  Soap.  Glycerin. 

This  enters  into  Emplastrum  Saponis  and  Linimentum  Saptmis. 

By  taking  KOH  instead  of  NaOH,  soft  soap  [Sapo  Mo//is{V.S.'P.,  B.P.) — 
Green  soap)  results.  Sa/o  Animalis  (B.  P. )  is  a  soda  soap  made  widi  animal 
fat. 

Soaps  are  soluble  in  hot  water,  but  more  readily  in  alcohol. 


(D)  CARBONIC  ACID  IN  SOLUTION  (CARBONATED 
DRINKS). 

These  have  primarily  an  acid  action,  but  occupy  a  some- 
what peculiar  position.  In  the  first  place,  CO,  penetrates 
very  readily  on  account  of  its  volatility.  Unlike  other 
acids,  the  activity  of  carbonic  acid  is  not  destroyed  by 
neutralization.  When  absorbed  it  is  fixed  in  the  form  of 
sodium  bicarbonate,  which  is  dissociated  so  readily  that  it 
acts  both  as  acid  and  alkali.  For  this  reason  the  action  of 
carbonic  acid  is  at  once  extensive  and  mild.  Taken  by  the 
mouth  it  increases  the  absorption  of  food  and  especially  of 
liquids.  In  this  way  it  is  of  very  great  benefit  in  fevers. 
It  has  also  a  somewhat  specific  effect  in  diminishing  vomit- 
ing. On  account  of  the  stimulation  of  the  sensory  nerves 
of  the  mucous  membranes  with  which  it  comes  into  con- 
tact, it  is  a  general  reflex  stimulant 


(E)  MINERAL  WATERS. 

These  will  be  discussed  more  in  detail  in  other  places, 
according  to  their  ingredients,  but  the  whole  subject  may  be 
very  briefly  summarized  in  the  following  compilation  : 

The  action  of  natural  mineral  waters  has  been  known 
empirically  since  remote  times.  Their  use  came  about 
probably  by  accidental  observation  and  also  through  the 
marked  taste  which  they  possess. 

Springs  and  Artificial  Mineral  Waters. — A  very  strik- 
ing observation  was  early  made,  namely,  that  these  mineral 
waters,  when  used  at  their  source,  appear  to  be  more 
efTectual  than  artificial  compounds  of  practically  the  same 
composition,  or  even  than  the  same  water  when  used  at  a 
distance. 

The  most  diverse  explanations  for  this  have  been  advanced.  Especially  ia 
the  case  of  thermal  waters,  so-called  tellurial  forces,  some  mysterious  property 

The  most  important  preparations  are  marked  «%. 
38 
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imparted  to  them  by  the  earth,  have  been  invukeil.      Olben,  a^in,  Iwvc  Ui4 
great  strcK  upon  the  presence  nf  mmimal  traces  of  rare  eleincnts»  «c«M«tial  j 
upOD  the  bomeupftthic  priuciplc.     There  is  nuthtng  in  *of  of  iheie  (beone^  i 
Mineral  waters    orL-    liinply    Miiutions    itf    the    iiigmlienti    a(   the    sjtl,  an4 1 
posseM  only  the  action  of   Ihoitc  ingredJeou   which  arc  pre9«nt    in   notabli  I 

UDOtlUt. 

The  difierencc  between  the  water  of  natural  sources  and 
the  arti6cial  solutions  rests  upon  other  causes,  which  arc 
sufficiently  easy  to  appreciate,  but  difficult  to  reproduce. 

TAi-St'  facfors  refer  largdy  to  hygiene  mui  eliimUe.  A 
large  proportion  of  tlic  effects  nui.st  be  attributed  to  the 
rest,  the  freedom  from  care  and  business  pursuits,  tile  c^- 
hilurating  effect  of  improved  hygienic,  atmospheric,  aid 
scenic  con diti oils,  better  regulation  of  all  the  habits,  of 
diet,  exercise,  etc.  The  mere  drinking  of  large  quantities 
of  fluid  is  also  something  whicli  it  is  difficult  to  enforce 
at  home,  but  vvliich  the  patient  does  re^»ularly  h)  watering- 
places.  Added  to  these  comes  finally  the  .specific  action 
of  the  dissolved  salts. 

The  ffHetl  of  miiK^ral  A.iMj  is  purely  local  and  reflex.  There  is  no  *^>^ 
fiou  of  tlie  dissolved  ulis  thrcKigb  the  >kin-  Tbc  effects  arc  ia  gracnl  tit 
aune  u  wlih  hydrotherapeutics,  excepting  thnt  ibey  are  tomeirhal  Maa^. 

Afinerai  wtiters  are  either  hot  or  cold.  The  former  are 
rather  stronger  and  are  more  readily  absorbed  (thcrtfoiT 
preferred  for  alkalies) ;  the  latter — cold — produce  a  stronger 
motor  action  (hence  preferred  for  cathaitics).  The  salts  ait 
contained  in  mineral  waters  in  neaHy  isotonii  proportions  IR^ 
arc  therefore  well  adapted  for  the  purpose. 

Classification. — These  waters  are  usually  classified  ac- 
cording to  the  contained  salts.  V^arious  classifications  ait 
current     The  following  will  be  used  here : 


I 
1 


I. 

2. 

3- 
4* 


Plain  Saline  (NaCl). 

{{a)  Plain. 
ib)  AlkaUne  (NaHCO^ 
Xc)  Saline  (Na^OJ. 
Magnesia. 
Sulphur. 


5.  Chalybeate. 

Occasional  constitcenls  of  iimall  imponanee  are  Ca,  I,  Br,  ti,  aad.^ 
The  physiologic  effects  of  Ihe  majority  of  these  constituenlt  will  be**«*f' 
nnder  their  respective  headingii,  and  will  only  be  very  hrirAy  alltMlfl  ^* 
this  place.  Il  will  a1^  Ue  impossible  to  take  up  the  cotnpo«hKni  aadifaa" 
todkaCtons  of  the  different  mineral  waters,  in  anything  like  an  exbaoMi"*  i^ 
ner.     It  will    be  necessary  to    illnsltrnte  these  cU&scs  on   only  a   it*  **^ 


MINERAL  WATERS.  595 

koown  watcn.  It  need  Karcely  be  mentioned  that  the  above  clusificttion  is 
not  an  absolutely  shaip  one,  but  that  many  mineral  waters  belong  partly  to 
aereral  classes. 

X.  Plain  Saline  Waters. — These  are  used  mainly 
extemally  for  baths.     The  most  typical  is  sea-water. 

The  composition  of  this  is  somewhat  difiercnt  in  diflEcrent  oceans.  In  the 
English  channel  it  is  as  fellows : 

looo  ports  by  weight  contain : 

N»a      27.0 

KCl 0.75 

Mga, 3.7 

MgBr 0.027 

MgSO,      2.3 

CaSO^ 1.4 

CaCO, 0.03 

lodids,  etc traces. 

Artificial  sea-baths  may  be  made  by  dissolving  4  ^  of  sea- 
or  rock  salt  in  water. 

Some  of  the  important  saline  sources  are  the  following  : 

European  : 

Fixed  S«.ts.  ^'^^^^  Temperature  (C.  ). 

Kissingen^ 15  11  18.  s** 

BadcD-Baden 28  2t  18.5° 

Nauheim 30  25  33-0" 

Am^ricoM:  Saratoga  Congress,  New  York,  approaches  Kissingen. 

3.  Carbonated  Waters. — (a)  Plain. — In  these  the  CO,  is 
the  main  constituent.  This  aids  digestion,  and  these  waters 
are  used  mainly  as  plain  table  waters.  The  most  used  is 
the  artificial  soda-water. 

An  example  of  a  natural  carbonated  water  is  ApoUi- 
naris : 

Per  1000  Gm, : 

NsHCOi.  Naa.  NatSO«.  CO|.  Temp. 

1.2  0.4  0.3  1.5  21° 

(b)  Alkaline. — These  contain  a  notable  amount  of 
NaHCO,.  They  have  the  alkaline  effects  and  are  therefore 
useful  in  gastric  catarrh,  hyperacidity,  hypersecretion  of 
mucus,  and  as  diuretics,  in  obesity,  gout,  urate  stones,  and 

1  Formula  for  Artificial  Kissingen  (N.F.)  : 

Potassium  Chlcmd 17 

So£am  Chlorid 337 

Ifagneshmi  Sulphate 59 

Sodium  Bicarbonate 107 

Twenty-fear  grain*  of  this  to  6  ounces  of  water  (half  a  teaspoonfnl  to  a 
tnmbler  is  the  usual  dose). 
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diabetes.  They  are  most  useful  when  taken  hot  aiid  drunk 
very  sIow!y,  since  in  this  way  they  cause  the  least  irritation 
in  the  stomach. 

(c)  Alkaline  Saline  Waters. — These  waters  contain  in 
addition  much  Na^SO^.  The  indications  for  use  are  thcsamc 
as  for  the  preceding.  The  cold  waters  contain  more  CO, 
(Maricnbad  and  Franzenbad).  The  hot  alkahnc  waters  arc 
very  numerous.     The  following  may  be  taken  as  examples: 

Eur^pfan  Ccrh&nattd  Atkatint  Waters,  per  tooo  : 

NaHCO,.    Ptcc  CO,.         NjiCI  Ns>&0«.         TuMr 

Vichy*      .    .      5.0             500  40* 

Ems     ....  2.0             500              l.o  .    .               40* 

Sellers      .    .    .1.2           1200              3.3  cotd. 
Spa,  Pynoont,  unci  Wiesbaden. 

Amtrican  •  Samtoga  .Sellers,  Saratnga  Vichjr,  Sweet  Spring  of  Vir^nia,  C<l- 
tysburg,  etc. 

(d)  Of  the  Carhonattd  saline  waters  the  most  represen- 
tative is  the  Carlsbad.    The  formula  for  the  artificial  sail  ia; 

K,SO, ai2 

Nb,SO- 2.64 

NnHCO, a.l6 

NaCl      loB 

6,00  Gn. 

This  quantity  (a  teaspoonful)  is  the  proper  amount  for  a 
liter  (quart)  of  water. 

3.  Magnesia  Waters. — These  contain  MgSO,,  NaiO, 
CaSO..  MgCI,.  but  no  CO,.  They  arc  useful  as  cathartici 
If  they  contain  CaCO,,  tlie  alkaline  action  extends  deeper 
into  the  intestine  than  in  the  case  of  NaHCO,. 

Eurppeait^  in  1000  Gm.  : 

MgSOi.       Nb^O*.         OSOt.       NaO.         MxCj 
Hun>'adj  J&nos     .  22.3  22.$  13 

SeiillUz      ....  13.5  1.4.  a4 

Epwm  and  Fnediich>>liiall  lielong  to  the  inme  class. 

American:  Crab  Orthnni.  Ketiluirky,  and  Bcdfuni  Springs,  Pemuylnoii. 

4.  Sulphur  Waters. — These  contain  free  H^  and  sul- 
phids.  Externally  they  stimulate  the  skin  and  soften  thccpi* 
dermis  ;  internally  they  act  as  cathartics.  The>'  have  qwK 
a  reputation  in  the  treatment  of  chronic  rheumatism.    Some 

»  Formula  far  Artifieinl  Vicky  (N.F.): 

Sodium  Bicarbonate S46.O  Cm. 

PotasMiim  Carbfinate  3^5" 

Magnesiiim  Sulphate ^.$    " 

Sodium  Chlorid .    .    -    .    ^^J0    '* 

Fourteen  gmins  to  6  ounces  of  water  (^  tea^MoafuI  to  a  tnnblo  >*  ^ 
dose). 
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examples  are:  Aix-la-Chapelle,  Harrogate,  Virginia  Sul- 
phur Springs.  The  following  will  give  an  idea  of  their 
composition : 

In  looo  Gm. : 

Fiee  HiS.        Na|50i.  NaO.  Tbmp. 

Aiz-Ies-BaiDS ....  0.003  0.092  0.030  44° 

5.  Chalybeate  Waters. — ^These  contain  Fe,  usually  as 
bicarbonate,  also  NaCl  and  NajSO,.  The  amount  of  iron 
is  from  o.oi  too.  12  of  FeO  per  liter.  The  most  famous 
springs  are  :  Tunbridge  and  Brighton  in  England  ;  Pyrmont, 
Wiesbaden,  and  Spa  on  the  Continent;  Bedford,  Pittsburg, 
Brandywine,  and  several  Virginia  springs,  in  the  United 
States. 

(F)  CLIMATE. 

This  is  of  such  great  importance  in  the  action  of  mineral  waters  that  it  may 
be  discussed  in  this  place.  Only  the  roughest  sketch  can  be  given,  and  the 
student  must  refer  to  laiger  text-lxmks  for  further  description. 

The  principal  elements  which  enter  into  the  climate  are 
the  following : 

Moisture. 
Temperature. 

1 .  Air  :    {  Purity.  * 
Density  (Altitude). 
Special  Constituents.^ 

2.  Sunlight. 

3.  Water,  Purity  of 

4.  Conditions  of  Life — comfort,  hygiene,  rest,  diversion, 
pleasant  surroundings,  out-of-door  life,  etc. 

The  subject  of  climatolc^  is  very  lai^ely  empirical.  The  work  which  has 
been  done  on  the  effect  of  the  different  climates  upon  metaboUsm,  nutrition, 
etc.,  is  as  yet  too  limited  to  be  of  great  value. 

The  principal  cHtnates  used  in  therapeutics  are : 

1.  Sea. 

2.  Dry  and  Warm. 

3.  Elevated. 

*  Parity :  This  refers  especially  to  the  absence  of  bacteria,  but  other  fixed 
imparities  may  also  be  of  importance  ;  e.  g.,  the  causation  of  hay-fever  by  pol- 
len.    Id  cities,  various  chemic  gases  may  also  be  deleterious  impurities. 

'  Of  such  special  constitaents,  the  aromatic  oils  given  off  by  needle-trees  may 
be  of  considerable  value  as  antiseptics  in  phthisis.  I'he  presence  of  ozone,  if 
it  is  of  any  importance,  serves  mainly  to  indicate  the  general  purity  of  the 
atmo^hcTe. 
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I.  Sea  Climate  {Including  Islands  and  Sea  Voyage). — 

Tiic  imfjortant  crfccts  of  tliis  are  related  to  constant  teriii- 
peratiire,  humidity,  and  purity  of  the  atmosphere,  and  to 
gcncnd  surroundinjij  conditions. 

This  climate,  being  very  restful,  is  especially  useful  in 
cases  of  overwork.  The  freedom  from  atmospheric  im- 
purities also  i-cndtTs  it  valuable  in  hay-fever  and  phthisis. 

a.  Dry  and  warm  climate,  such  as  in  deserts  and  Egypt, 
southwestern  Texas,  inland  Southern  California,  or  in  the 
pine  sections  of  Gefirgia  and  the  Carolinas. 

The  special  advantage  of  this  climate  consists  in  its  per- 
mitting outdoor  life  in  winter.  It  is  peculiarly  valuable  in 
lung  disorders  which  do  nut  stand  a  nnrthcni  temperature. 

3.  Elevated  Climates.— These  are  generally  aseptic, 
and  the  air  i.s  cool  and  dry.  What  importance  can  be  given 
to  the  rarefaction  of  the  atmosphere  is  not  at  present  clear, 
still  less  the  manner  in  which  this  acts. 

The  rate  of  ihc  heart  and  respiration  is  al  finit  inrrcascd,  but  later  it  returns 
to  nonn&l. 

.  These  climates  cause  improvement  in  a  numlx:r  of  cnn- 
dition.s.  probably  in  part  due  to  a  greater  exercise  of  the 
organs  from  climbing,  etc.  They  are  useful  in  dyspepsia, 
anemia,  chloro.sis,  insomnia,  asthma,  and  consumption. 

High  climates  are  unfavorable  to  feeble  conditions  of  the 
heart  and  vessels,  which  cases  should  be  sent  to  the  seashore. 
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CHAPTER  XXVII. 


[systemic  (ION)   ACTION    OF   METALLIC  SALTS.» 
1.  ABSORPTION.  ETC. 

AbsorbaMe  and  Non-absorbable  Metals.— In  the  cases 
of  metals  one  must  distinguish  between  the  local  and  remote 
actions.  Every  metallic  salt  has  a  local  action  ;  in  addition, 
every  metallic  salt  wliich  is  dissociable  into  ions  has  a  toxic 
action  if  it  is  introduced  into  the  circulation.  It  docs  not 
matter  whether  the  metal  is  arsenic  or  iron  ;  even  tile  degree 
of  the  toxicity  is  practically  the  same  in  both  cases  if  they 
arc  actually  introduced  into  the  body  (TJ»e  alimentary 
canal  is  not,  in  this  sense,  "within  the  body.")  Tlic  main 
diflerencc  between  the  t^vo  metals  consists  in  the  fact  that 
arsenic  is  easily  absorbed,  while  iron,  like  most  other  metals, 
is  not.  Arsenic,  mercun.',  an<i  ui-anium  are  the  only  metals 
the  absorption  of  wliich  is  of  an  extent  sufficient  to  cause 
acute  poisoning  with  non-c<jrrosive  doses.  Phosphorus, 
which  behaves  pharmacologically  in  many  respects  like 
metals,  is  absorbed  still  more  rc.idily.  Certain  other  metals 
are  absorbed  much  more  slowly.  Tu  this  class  belong  lead, 
silver,  tin.  and  iron.  Any  metallic  salt,  if  given  in  strong 
solution,  will  cause  con'osion  of  the  mucous  membrane  of 
the  alimentary  canal  and  will  then  be  absorbed,  and  would 
exert  its  toxic  action  were  it  not  that  the  local  eflects  kill 
before  the  systemic  can  come  into  play. 

A  peculiarity  of  the  corrosion  produced  in  this  manner  is 
that  there  seems  to  be  a  possibility  of  acquiring  a  ccitain 
immunity  to  it.  If  the  admini.'^tration  of  a  metallic  salt  is 
b^un  with  small  doses  and  gradually  increased,  it  becomes 
possible  to  admini.stcr  without  effect  doses  which  would  at 
first  have  produced  violent  corrosion. 

To  be  absorbed,  the  metal  must  of  course  be  in  soluble 
form ;  but  it  must  be  borne  in  mind  that  the  solubility  in  the 
alimentary  canal  is  not  necessarily  the  same  as  the  solu- 
bility in  water  in  a  test-tube.  In  fact,  it  makes  little  differ- 
ence, except  as  regards  local  action,  in  what  form  a  metal 

^  The  Dulcrii  medics  of  alt  metallk  ults  (includiQ);  those  used  unly  IpicaJly) 
will  be  ^vrn  in  ihis  chanler.  The  nnlure  and  therapeutic  uses  of  the  loou 
acdontwe  dltcuswd  in  Chapter  NX  VI II. 
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is  administered.  In  the  stomach  it  will  be  converted  largely 
into  the  chlorid ;  in  the  intestines  into  the  carbonate  and  sul- 
phid.  Further,  the  metallic  salts  enter  into  double  combi- 
nations with  protcids.  and  tljcse  arc  often  soluble  in  an  ex- 
cess of  the  latter.  In  tliis  way  such  insoluble  cooipouoda 
as  mercuric  oxid,  mcrcurous  chlorid,  lead  sulphate,  and 
silver  chU>rid,  may  be  brought  into  solution. 

Absorption  is  one  factor  ncccssarj'  to  produce  the  toxic 
action.  A  second  factor  is  that  the  compound  must  contain 
tlie  metal  in  a  t^issocind/e-  form — /'.  c,  in  the  form  of  ions. 
This  is  not  the  case  with  the  pure  metals  nor  with  some 
organic  compounds,  such  as 


Zn 


\C,H, 

nor  with  the  iron  of  fcrro-  and  fcrricyanids.  In  these  com- 
binations the  metals  form  a  firmer  part  of  tlie  molecules. 
However,  botli  the  pure  inctitls  and  the  oPj^anic  comjwunds 
are  in  most  cases  split  up  in  the  body  into  dissociable 
compounds,  and  so  fiiudly  C(jine  tn  exert  the  metal  acbon. 
but  only  after  dissociation. 

11.  REMOTE  ACTION. 

To  obtain  tlie  systemic  action  of  must  inetaKs  these  rans 
be  injected  directly  into  the  blood  or  at  least  subcutancously. 
on  account  of  Uie  limited  absorption.  But  it  would  not(k» 
to  inject  the  ordinary  metallic  salts,  for  these  precipitate  the 
blocid  protcids  ami  cause  tlic  formation  of  embtili.  which 
would  obscure  the  results.  Soluble  combinations  whidi 
will  not  precipitate  must  be  chosen:  Such  can  be  formed 
by  combining  the  metallic  salts  with  proteids  previous  to 
adniinistraliun,  or  b\'^lakin^  double  salts  (like  the  double 
citrate  «.)f  iron  and  ammonium). 

When  such  a  preparation  is  injected  directly  into  ttie 
blood  the  symptoms  in  many  cases  do  not  arise  at  once, 
but  are  developed  qtatc  slmv/y,  sometimes  only  in  the  course 
of  several  days.  This  is  due  to  tlie  fact  that  the  metals  <k> 
not  act  in  the  blood,  but  only  after  they  have  been  abwibed 
into  the  cells ;  and  this  absorption  is  so  slow  that  it  n»y 
take  several  cUys  to  accumulate  sufficient  metal  to  produce 
any  action.  It  may  by  this  time  have  disappeared  entirely 
irom  the  circulating  liquids. 

The  txcrethn  of  the  metals  is  usuallv  even  slower  thafl 
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their  absotptjon.  They  have  tlierefore  often  a  cumulative 
action  ;  doses  too  small  to  product;  any  immediate  effect 
will  cause  serious  poisoning  if  lon^  continued.  I'b,  Ilg, 
and  As  are  the  most  prominent  examples  of  this.  In  what- 
ever manner  the  metal  is  introduced  into  the  circulation — 

,  whether  intravenously,  hypodermically,  or  from  the  intes- 
tinal canal — it  is  excreted  partly  by  the  kidneys,  but  the  main 
part  leaves  through  the  intestines,  especially  the  large. 
The  efMthelial  cells  are  the  channel  of  this  excretion,  and 
not  to  any  extent  the  bile,  as  was  at  one  time  supposed.  A 
gastro-ifttentis  may  result  from  local  action  even  when  the 
poison  has  been  given  intravenously.  On  this  account 
tartar  emetic,  for  instance,  acts  largely  locally  even  when 
adminUtercd  intravenously  or  hypodermically. 

A  sufficient  amount  of  the  metals,  however,  is  excreted 

I  by  the  kidneys  to  cause  a  nsarked  nejjhritis,  characterized 
in  the  ordinarj'  manner  by  albuminuria,  casts,  etc.  The 
tuphrttis  begins  in  the  epithelium  of  the  convoluted  tubules 
and  spreads  from  here  to  the  glomeruli.  If  the  poisoning 
is  chronic,  the  nephritis  may  become  interstitial  aiul  lead  to 
renal  drrhosis. 

I  In  tlicir  systetffic  effects,  all  the  metals  sliou-  a  sinking  simil- 
arity. They  affect  mainly  tlje  circulation.  There  is  a  very 
marked  fall  of  blooil  pressure,  which  is  due  partly  to  a 
paralysis  of  the  blood-vessels  and  parti)'  to  a  direct  action  on 
tJw  heart.  Secondary  to  this  disturbed  circulation  tliere 
arise  symptoms  from  the  central  net-'ous  system.  A  direct 
effect  upon  ner^'^ous  organs  is  not  common  in  mammals, 
and  is  only  conspicuous  wth  silver.  I-'rogs  show  with 
most  metals  a  paralysis,  preceded  by  a  slight  stimulation. 
The  tetanizing  action  predominates  with  Ni,  Co.  and  l*t 
Whether  the  metals  have  any  direct  eflect  on  imttxboltsm 
cannot  be  decided  with  our  present  methods,  because  of  the 
disturbances  introduced  by  the  intestinal  and  renal  irritation, 
and  by  the  circulatorj'  changes. 

Tl)e  metals,  aside  from  silver,  may  be  divided  into  two 
prifWtpaJ  ^oups  :  tlie  first  group  acting  mainly  i>eripheraUy 
on  the  blovd -vessels,  the  second  group  acting  peripherally 
on  the  heart.  To  the  first  group  belong  arsenic,  antimony, 
uranium,  bismuth,  iron,  manganese,  selenium,  tellurium, 
aluminium,  tin,  nickel,  cobalt,  gold,  and  platinum  ;  to  the 
second  group.  lead,  pliosphorus,  copper,  zinc,  cadmium, 
mercury,  vanadium,  cerium,  and  thallium. 
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IH.  ARSENIC. 
The  general  actions  of  metiis  can  be  best  illustrated  on 
Arsenic.  We  stated  that  only  those  combinations  of  mctaU 
arc  toxic  wliich  are  dcconiposable  into  ions.  In  the  case 
of  arsenic^  even  tliose  which  do  not  conUiin  the  arsenic  as  ion 
are  decomposed  in  the  body  into  salts  from  wljich  the  arsenic 
ion  is  hbemted  ;  so  that  all  preparations  are  toxic.  How- 
ever, arsenious  acid  and  the  arsenites  arc  most  strongly  so. 

1.  SUMMARY  OF  ACHONS. 

A  relaxation  of  the  tca//s  of  the  capUlarics,  particularly  of 
the  splanchnic  area,  accompanied  by  an  increased  pemiea- 
bilit\'.  and  consequently  by  changes  similar  to  those  of 
inflammation.  As  this  is  shown  mainly  in  the  splanchnic 
area,  the  most  conspicuous  symptoms  are  tho.sc  of  a  gastro- 
cnteriiis,  which  resemble  closely  those  of  cholera. 

This  dilatation  of  capillaries  introduces  changes  in  the 
circulation  which  cause  secondarj'  disturbances  in  the  func- 
tion of  more  remote  organs,  particularly  in  the  nert'ous 
system;  and  further,  fatty  degeneration  of  the  cells,  particu- 
larly in  {glands  and  muscles,  with  othci-  disturbances  in 
metabolism.  There  may  also  be  a  direct  paralysis  of  the 
heart ^  both  ganglionic  and  muscular. 

II.    DETAILS  OF  ACTION. 

The  action  of  arsenic  may  be  either  acute  or  chronic. 
Very  little  essential  difference  has  been  made  out  between 
the  tuo.  beyond  some  direct  corrosion  in  the  former.  Both 
rest  upon  the  paralysis  of  the  capil  lanes. 

I.  Acute  arsenic-poisoning  sets  in  ver>'  rapidly,  pointing 
to  a  quick  absorption.  The  first  symptoms  are  an  acute 
gastro'cntetitis,  and  resemble  so  closely  those  which  result 
from  corrosive  poisoning  that  they  were  formerly  believed 
to  be  due  to  this.  However,  the  autopsy  rarely  shows  ex- 
tensive corrosion,  and  it  is  known  that  the  corrosive  action 
occurs  extremely  slowly.  ^  Fuithcrmore,  the  gastro-cntcriti.'i 
may  be  obtained  with  at  least  equal  readiness  if  the  arsenic 
is  injected   into   the  circulation   or  subcutaneously.      This 

*  Th«  principal  uw  which  is  now  made  of  this  corrosive  action  is  in  killioc 
the  nerve*^  of  teeth.  This  ukc»  several  days,  which  illuiitniles  the  tJnwne««  of 
the  comiiiire  nclion,  and  contnuts  verj'  strihingly  with  the  extremely  mpid  onset 
of  the  symptoms  in  acuIc  poisoning. 
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would  not  definitely  exclude  all  local  action,  since  some 
arsenic  is  excreted  into  tiie  alimcntarj'  canal  ;  but  the 
quantity  is  not  nearly  enough  to  account  for  the  s>'inptonis. 

Simultaneously  witli  the  violent  vamiting  and  purging  of 
the  gastro-enteritis  tiitrre  is  an  extremely  marked  fail  of 
blood  pressure.  This  is  almost  entirely  iHisatlar  in  origin  ; 
for  if  the  aorta  is  clamped,  the  heart  is  able  to  maintain  a 
fairly  high  presssure.  This  vascular  paralysis  is  mainly 
peripheral,  but  it  differs  from  tliat  protjuced  by  the  nitrites,  for 
stimidadon  of  the  peripheral  stump  of  the  splanchnic  nerve 
is  still  /jfTcctivc  in  raising  the  blood  pressure,  at  least  in  the 
earlier  stages.  The  arterioles  must  therefore  still  be  capable 
of  contracting.  For  this  reason  it  is  assumed  that  structures 
beyond  the  arterioles — namely,  the  capillaries — are  the  seat 
of  the  paralysis.  This  view  is  favored  by  the  fact  that  they 
have  become  more  permeable.  (Intravenous  injections  of 
large  quantities  of  salt  solution  will  cause  edema  in  animals 
poisoned  witli  As,  but  not  in  the  normal.)  There  is  in  ad- 
dition a  weakening  of  tlie  heart,  and  probabl)^  also  some 
depression  of  the  vasomotor  center  and  partial  paralysis  of 
tlie  arterioles.     All  these  contribute  to  the  fall  of  pressure. 

These  changes  in  the  capillaries  explain  practically  the 
whole  course  of  the  poisoning.  Since  inereascd permeability 
of  the  capillaries  is  one  of  the  essential  features  of  inflam- 
mation, one  need  not  be  surprised  that  the  phenomena  of 
arsenic-poisoning  are  similar  to  those  produced  by  an  irri- 
tating inflammation,  although  the  primal  aiuse  is  different 

The  first  and  strongest  effects  arc  upon  the  intestine,  no 
matter  how  the  arsenic  has  been  introduced.  The  capillary 
paralysis  results  in  the  production  of  an  exudation  into  the 
connective  tissue.  This  raises  the  epithelium  (just  as  would 
a  bhster  on  the  skin),  and  causes  it  to  be  thrown  off  in 
shreds  or  false  membranes.  The  exudation  is  then  poured 
into  the  lumen  of  the  intestine  and  largely  coagulates.  This 
distention,  as  well  as  the  circulatory  changes,  causes  in- 
creased peristalsis  and  watery  diarrhea  ;  and  the  shrc<ls  of 
mucus  and  coagulated  exudation  give  to  the  evacuations  the 
character  of  "  ri^re-tvater"  stools. 

The  tMihoto|ry  of  this  cnrtdition  is  vxmcsXy  ibe  same  u  ihit  of  AciaUc  cholera, 
and  wilhom  *  history  it  ii  ibsolotcly  inpoMbta  ladlsli(i|fuiftb  between  llw  two 
Cundittont  except  by  cbeinic  rx«mimiliaa  cf  tlK  dejecUimt. 

I      The  extreme  distention  of  the  capillaries  may  lead  to  their 
rupture,  to  the  formation  of  ecchymoses,  or  possibly  bleeding 
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into  the  intestine  or  stomacli.  and  consequently  bloody 
vomiting  or  diarrhea ;  but  this  is  by  no  means  always  the 
case. 

The  great  distention  of  the  splanchnic  area  will  of  course 
withdraw  a  great  amountofblood  from  the  general  circulation, 
and  this  will  react  upon  other  organs.  In  some  cases  this 
effect  is  so  violent  tliat  it  produces  collapse,  from  paralysis 
of  the  central  nervous  system,  before  the  symptoms  of 
enteritis  have  had  time  to  develop.  This  corresponds 
exactly  to  "dry  cholera." 

Besides  this  indirect  action  on  various  organs,  due  to  the 
altered  distribution  of  the  blood,  arsenic  also  has  some 
t/inr/  actions,  [xirticularl)*  upon  the  fnuirt.  It  paral>'zes  ito 
rhythmic  power  after  the  manner  of  hyilrocyanic  acid,  and 
also  depresses  its  contract] lit)'.  Hut  its  other  direct  actions 
are  entirely  overshadowed  by  that  on  the  capillaries  and  the 
indirect  consequences  of  this. 

Death  usually  occurs  by  exhaustion  as  a  result  of  the 
prolonged  gastro-enteritis.  as  in  cholera.  There  arc  the 
same  muscle  cramps,  paleness,  and  general  collapse.  The 
patient  appears  emaciated  from  the  witlidrawal  of  liquid  from 
the  body  by  the  profuse  diarrhea,  and  this  even  if  he  retains 
a  fair  amount  of  adipose  tissue. 

3.  Chronic  Arsenic -poisoning. — With  a  still  less  acute 
action  a  ckronic  gastro-inttstinal  catarrh  is  developed,  pos- 
sibly with  ulceration.  The  less  intense  but  persistent  captl- 
laiy  paralysis  \\\\\  give  time  for  the  development  of  more 
^xov\onv\ctt<\  dt'gauratwc  chattges  in  other  parts  of  the  body. 
Most  prominent  amonjjst  these  arc  fatty  degenerations,  first 
of  the  cmioifit'lium  of  the  capillaries  themselves.  Later  this 
affects  the  intcstinai  (pithfliuui,  and  finally  the  cells  of  other 
orgaiih — liver,  kidm'y,  heart  muscie,  etc.  This  is  due  to  the 
interference  witli  nutrition.  The  increased  size  of  the  liver 
from  the  fatty  degeneration  may  cause  pressure  on  the  bile 
ducts,  consequently  rcubsuqjtion  of  bile  and  icterus.  In 
tlie  chronic  action  of  arsenic  tliere  is  quite  a  tendency  to  the 
development  of  hca/  effusions.  Amongst  tlic  first  of*  these 
is  sivcliitig  of  the  eyelids,  wliich  is  fairly  characteristic. 

The  impairetl  nucrib'on  of  the  ncrvc-trunlcs  gi%*cs  rise  to 
polyneuritis,  with  atrophy  of  the  muscles,  disturbance  and 
paralvsis  of  sensation,  and  also  of  tlie  special  senses.  TT** 
tf0i£e  is  verj'  frequently  altered,  from  paralysis  of  the  vocal 
cords.     The  skin  is  also  particularly  subject  to  tiie  acdoo 
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of  arsenic,  perhaps  because  it  takes  part  in  its  excretion. 
This  action  results  in  acnc-like  eruptions,  exfoliation,  and 
in  falling  out  of  hair  and  detacimient  of  finger-nails.  In  a 
few  cases  a  peculiar  cutineous  melanosis  can  be  noticed. 
This  is  not  due  to  a  deposition  of  arsenic,  but  to  the  forma- 
tion of  an  orijanic  fHgment  The  mucous  membranes, 
especiallv  the  conjunctiv.'E,  may  also  suffer. 

3.  Beneficial  Action  on  Metabolism. — If  the  doses  of 
arsenic  are  extremely  small,  this  capillar}^  dilatation  and 
hyperemia  may  not  reach  a  harmful  degree,  and  may  even 
lead  to  an  increased  nutrition.  This  deserves  especial  atten- 
tion, since  it  is  the  rational  basis  of  the  use  of  arsenic  in  the 
various  cachectic  conditions.  This  metabolic  action  is  quite 
variable,  as  it  depends  upon  a  number  of  mutually  opposed 
causes.  Amongst  these  are ;  the  capillar)-  dilatation  ;  sup- 
posedly a  direct  action  of  arsenic  upon  the  cells  ;  and  the 
action  upon  tlic  gastro-intestinal  canal  antl  upon  the  kidneys. 
The  interaction  of  these  factors  may  produce  very  different 
results.  Consequendy  the  experimental  data  are  not  of 
ver}'  much  value.  It  may  be  considered  as  proven,  how- 
ever, that  as  long  as  the  arsenic  does  not  interfere  with 
digestion  and  absorption,  it  increases  the  cxcrttion  of  nitro- 
gen. If  this  interference  is  avoided,  arsenic  also  causes  in- 
creased  deposition  of  fat.  Anotlier  effect  which  is  found  in 
arsenic-poisoning  is  the  loss  of  the  glycogen  of  tlie  liver  and 
formation  of  s^ircolactic  acid.^  What  practical  importance 
can  be  attributed  to  this  is  not  at  present  clear.  The  dimi- 
nution of  glycogen  is  so  rapid  that  it  cannot  be  ascribed 
to  a  diminished  power  of  forming  it.  Nor  does  it  seem  to 
be  connected  with  the  lactic  acid  fonnation. 

One  of  the  therai^eutic  uses  of  arsenic  is  tn  iftcrcase  the 
number  of  erythrocytes.  There  seems  to  be  considerable 
evidence  that  it  does  so  in  ccitain  forms  of  anemia,  by  stim- 
ulating the  bone-marrow.  It  has  no  such  effect  in  normal 
animals,  .\rsenic  also  leads  to  thickening  of  the  bones  and 
Blling  up  of  the  Haversian  canals,  which  may  possibly  justify 
its  use  in  rickets. 

On  the  whole,  there  can  be  no  doubt  that  in  some  cases 
the  carlj*  use  of  arsenic  increases  the  rate  of  groxvth  and 
f  the  animal;  in  detail,  causing  an  increase  in  nitro- 
nietabohsm  and  a  deposition  of  fat  and  an  increased 


gen 


'  Other  poiioDs  which  cause  dimioulion  of  glycc^en  are :    Fhosphoras, 
Incfcuric  chlorid,  chloroform,  cotchicin,  and  nin'obenzol. 
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Strength  of  the  bones.  The  nutrition  of  the  skin  is  also  said 
to  be  especially  improved  by  it.  It  is  used  quite  largely  in 
veterinary  practice  to  ^vc  tlie  coats  of  horses  and  catiJca 
bright  appearance.  Its  use  to  improve  the  complexion  is 
not  rare.  The  people  of  certain  countries — the  mountain- 
ous districts  oi  Silesia — use  it  to  secure  an  wi/Tm'cmcHt  in 
general  health.  There  appears  to  be  unimpeachable  evi- 
dence that  they  gradually  accustom  themselves  to  use  quan- 
tities which  would  be  fatal  to  ordinary  individuals.  This 
acq$tired  immumty  is  the  more  strange  since  it  has  never 
been  attained  with  animals.  The  fact  that  the  corrosive 
action  of  other  metals  can  to  a  large  extent  be  lost  by 
habituation  is  perhaps  suggestive,  but  it  is  impossible  to  say 
whether  the  two  phenomena  are  connected. 

III.  ABSORPTION  AND  EXCRETION. 

Arsenic  is  very  readilj'  absorbed,  even  from  the  unbroken 
skin.  Quite  a  number  of  cases  of  poisoning  have  occuntd 
in  this  way  from  the  use  of  arsenical  cosmetic  preparation. 
When  it  is  injected  subcutaneously  the  diarrhea  often  sets 
in  within  an  hour. 

It  is  excreted  by  all  the  excretions, — urine,  feces,  sweat, 
milk,  and  epithelium  of  tlie  skin. — but  so  slowly  that  it  may 
be  iliscovercd  in  the  urine  five  months  after  the  last  dose 
has  been  taken. ^  It  is  stored  in  all  organs;  not  especially 
in  the  liver,  as  was  at  one  time  cktimed.  It  also  pastts 
across  the  placental  circulation  to  the  fetus.  It  is  just  as 
toxic  when  injected  into  the  mesenteric,  as  by  tlje  juguUr 
vein,  showing  that  the  liver  neither  neutralizes  nor  retains  it 
It  is  less  toxic  on  hypodermic  injection,  since  it  enters  into 
more  slowly  dissociated  compounds  with  the  tissue  clcmcotl 

Chronic  arsenic-poisoning  may  result  from  a  single 
insufficient  to  produce  Heath  ;  or  it  may  result  from  rcpea 
small  doses,  in  which  case  it  will  be  slow  to  develop.  This 
points  to  the  fact  that  the  arsenic  is  not  excreted  as  fasta» 
it  is  absorbed — that  it  accumulates  in  the  body.  And  thi%^ 
indeed,  has  been  proved  by  direct  experiment. 

A  very  nnnll  fimnunt  nf  Arsenic  is  nonnally  present  in  certflin  huniaac 
notebly  io  llie  t)iynji<l  10.16  mg. ) ;  n1«^  in  the  Ibjmius,  bfain,  and  sUa. 
appears  to  be  lied  (o  tti«  nuclein.      None  \s  fonnd  in  the  liver 

Arsenic  is  toxic  to  all  animals  which  possess  a  central 

*  The  ttme  reqaired  for  the  excretioa  varies  «rtth  the  animUa :  It  I*  fi*** 
4ft  160  days  for  dugs.  120  days  for  rabbits,  and  70  day*  fiar  aun. 
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nervous  system ;  also  to  most  of  tlie  liigher  plants,  but  not 
to  all  the  lou'er  organisms.    Its  antiseptic  action  is  compara- 
tively small.      It  cannot  therefore  be  classed  as  a  general 
i protoplasmic  poison. 
tV.  TOXICOLOGY. 
The  main  interest  of  arsenic  lies  in  its  toxicology. 
I.  Etiology. — Arsenic  was  at  one  time  used  very  ex- 
tensively for  criminal  poisoninj^,  especially  in  the  seventeenth 
century.     An   Italian  woman.  TofTania.  carried  this  .science 
to  its  greatest  refinement,  u.sing  under  the  name  of  "  Acqua 
Toflana  "  a  mi.vture  of  arsenic  and  ptumains  obtained  from 

■  tlie  putrefied  saliva  of  animals  poisoned  with  arsenic. 
At  the  present  time  arsenic  is  rarely  used  with  criminal 
intent,  the  most  frequent  forms  of  pt>isoning  being  suicidal  or 

•  accidental.  This  may  be  attributed  to  the  perfection  of  the 
chcmic  means  of  detection,  which  allow  of  the  discovery  of 
the  minutest  trace.  1  Accidental  poisoning  has  been  lessened 
to  some  extent  by  requiring  the  preparations  of  arsenic  sold 
at  retail  to  be  colored  either  with  lamp-black  or  indigo,  so 
—^  that  they  do  not  have  the  innocent  appearance  o(  a  white 
B  powder.  Tliis  is  also  of  some  importance  in  diagnosing 
the  poisoning,  the  color  of  the  vomit  calling  attention  to  it. 
But  accidental  poisoning  is  yet  very  common,  since  arsenic 
is  so  extensively  distributed  It  is  easy  to  obtain  it  as  rat 
and  fly  poison.  It  is  frequently  used  in  the  arts,  I'aris 
green  is  a  preparation  whose  sale  is  almost  unrestricted.  A 
great  many  of  the  cosmetic  preparations  on  tlie  market  con- 
tain arsenic  and  have  given  rise  to  accidents.  The  use  of 
arsenic  compounds,  such  as  Schweinfurth  green,  as  pig- 
ments has  been  absolutely  prohibited  ;  but  a  gre;it  many  of 
the  coal-tar  dyes,  which  are  popular  at  the  present  time, 
employ  arsenic  in  their  preparation,  and  very  frequently  this 
is  not  entirely  removed.  Formerly  wait-paper  dyed  with 
arsenic  compounds  was  a  common  source  of  arsenic  poison- 
ing, but  this  has  now  practically  disappeared. 

Tlie  fatal  dose  of  arsenic  is  upward  of  a  decigrara. 
The  course  of  arsenic-poisoning    may  be  verj*   quick. 
There  is  a  fulminant  t>'pe  in  which  death  is  almost  imme- 

<  A  very  delicate  btolti^c  test  has  recently  been  announceil,  depending  upon 
ttkc  devcJopcneflt  of  a  (rnrliclike  odor,  when  the  mold  Petucilliom  bievicaule 
tft  ipvwn  ttpon  an  ancniait  medium.  Quantities  as  small  as  ,^q  to  j^g  mg, 
of  aneoioa*  acid  eoald  be  demonstnitcd  by  its  aid. 
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diate.  The  usual  course,  however,  takes  from  eighteen  to 
seventy-two  hours.  In  some  cases  it  may  take  much 
longer — from  four  to  fourteen  days. 

2.  The  symptoms  have  been  sufficiently  discussed,  but 
will  boar  recapitulation.  In  acute  poisoning  there  may  be 
a  sudden  collapse  without  other  symptoms.  Usually,  how- 
ever, the  symptoms  do  not  ap[x-ar  for  from  one-half  to  one 
hour  after  the  arsenic  is  taken.  The  suspicion  of  the 
patient  may  have  been  aroused  by  the  sweetish  astringent 
taste  of  the  substance.  Almost  the  first  S}*mptoms  are 
vomiting  and  profuse  and  painful  diarrhea.  The  with- 
drawal of  water  from  the  body  leads  to  great  thirst,  dry- 
ness of  the  mouth  and  tliroat.  and  difficulty  in  swallowing 
and  articulation.  "Phe  urine  '\s  diminished  and  often  bloody. 
The  excretion  of  the  arsenic  through  the  kidneys  will  pro- 
duce a  nephritis.  On  the  part  of  the  central  ner\'ous  sys- 
tem there  are  vertigo,  headache,  and  pain  in  the  limbs. 
There  will  be  cyanosis  and  cold  extremities.  Toward  the 
end  occur  syncope,  coma,  clonic  and  tonic  spasnns,  and  » 
general  paralysis. 

In  the  subacute  poisoning  the  Inflammation  of  the 
mucous  membrane  of  the  alimentary  canal  will  form  a  still 
more  prominent  symptom.  Inflammation  of  other  mucous 
membranes  also  becomes  conspicuou.s,  and  shows  as  con- 
junctivitis, coryza,  stomatitis,  salivation,  and  pharyngitis. 
Skin  eruptions  make  their  appearance  if  the  arsenic-poison* 
ing  is  at  all  prolonged.  In  tliis  case  there  are  also  symptoms 
arising  from  the  central  nervous  system,  as  well  as  ncurites. 

The  diagnosis  of  acute  arsenic-poisonini:  is  made  by 
the  violent  gastro-enteritis.  This  can  usually  be  distin- 
guished quite  easily  from  that  produced  by  adds  and  alka- 
lies, by  the  historj'  uf  the  case,  absence  of  corrosion  in  the 
mouth,  and  furtliermore  by  the  lesser  prominence  of  the 
local  symptoms.  The  very  quick  onset  distinguishes  it 
from  other  metals. 

The  diagnosis  of  chronic  arsenic-poisoning  may  be 
somewhat  difficult  because  the  symptoms  are  sometimes 
quite  obscure  or  resemble  very  closely  those  produced  by 
chronic  lead-poisoning.  There  is  some  difference  in  the 
electric  reaction  of  muscle  and  the  absence  of  the  blue  line 
on  the  gums,  which  are  characteristic  of  lead.  But  in  other 
cases  of  the  acute  or  chronic  form  the  chcmic  examination 
is  the  only  absolute  means  of  making  the  diagnosis. 
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3.  In  the  postmortem  examination  there  would  be  a 
very  pronounced  dryness  of  the  tissues.  The  emaciated 
appeanince  of  the  body,  even  with  a  fair  amount  of  adipose 
tissue,  the  appearance  of  the  alimentary  canal  with  its  large 
amount  of  fluid  and  the  presence  of  shreds  of  mucus  and 
false  membrane,  with  usually  no  pronounced  corrosion,  are 
characteristic.  Microscopically  g  astro -adenitis  and  cell  in- 
filtration are  often  seen.  The  body  after  arsenic -poisoning; 
usually  putrefies  ver>'  slowly  and  may  become  mumniifit^d. 
which  always  causes  a  suspicion,  although  it  is  not  at  all  a 
proof  of  such  poisoning. 

4.  Tlie  best  treatment  of  arsenic-poisoning  is  the 
rendering  insolubli.-  of  the  arsenic  by  ferric  hydrate — best 
made  by  adding  some  calcined  magnesia  to  a  solution  of  ferric 
csulphate.  (See  Ferri  Oxiiium  ) iydriitum  cum  Magiwsia). 
A  very  large  amount  of  this  can  be  given.  The  compound 
formed  in  Uiis  mannL-r  is  comparatively  insoluble,  but  not 
entirely  so,  and  it  should  be  removed  by  lavage  of  the 
stomach.  The  magnesia  in  this  mixture  also  acts  usefully 
as  a  purgative,  removing  the  arsenic  from  the  intestine. 

V.  TKERAPEUTICS. 

As  to  the  therapeutics  of  arsenic,  it  has  some  local  uses 
which  will  be  discussed  among  the  c;uistics.  Its  systemic 
action  is  used  for  the  improvement  of  nutrition  in  various 
cachectic  conditions.  Although  it  is  easily  understood  how 
it  may  be  of  benefit  in  these  cases,  its  actual  use  must  be 
entirely  empirical.  We  do  not  know  sufficient  about  the 
nature  of  these  conditions,  nor  can  we  predict  the  action 
of  arsenic  with  sufficient  certainty,  to  be  able  to  foretell  its 
results.  It  is  usually  worthy  of  a  trial  in  such  cachectic 
conditions  as  malaria,  pcrnicous  anemia,  etc.  In  chlorosis 
it  seems  to  aid  the  iron  preparations,  but  does  not  act 
alone.  Its  use  in  rickets  has  been  alluded  to  (p.  605). 
It  has  been  used  in  chorea  (rapidly  increasing  doses), 
phthisis,  and  asthma,  but  clinicians  disagree  as  to  its  value, 
and  there  is  no  scientific  basis  for  its  employment 

In  its  administration,  it  should  be  aimed  to  establish  im- 
munity by  beginning  with  small  doses,  and  gradually  in- 
creasing these  until  some  local  manifestation  of  the  arsenic 
appears — usually  diarrhea  or  conjunctivitis  or  swelling  of 
the  eyelids.  As  soon  as  these  are  seen,  the  amount  must 
be  diminished. 
39 
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Solubility  in   wuer,  4  ptfu 
Solability  in  w«ter,  7  pvu. 


VI.  MATERIA  MEDICA  OF  ARSENIC. 

Solid  Preparations : 

^^^AciJttm  ytrienosum  (U.S.P.  j  [AiitJitm  Anenmum,  B.I'.]. — Anaam 
Afui,  lykiir  Anmi(.  Ah,U,.  Sjlubilily  in  wntei,  JO  or  80  part».  Aw- 
O.OOI  to  0.006  Om.  (^a  to  ■^  RTniD}. 

Soiiii  Arirnas   ^U.S.F.).  —  Na,IIAflO,. 
Ifajf  :  0.001  to  0.006  Gm.  {1^  to  X  gniin). 

Arji-NU    UdUum  {US-P.,   B.P.).— Asl,. 
Dosf  :  0.001  [Q  0,006  Gtii.  (^  (o  A  gmio). 

*  /■'em'  ArifMaj. — InitoluUe.     ZJajr.*  O.OOI  to  0.006  Gm.  (Ja^  ^  (T™*"  ■ 
Liquid  Preparations. — All  cantain  t%  of  ihc  arsenic  prcporatioD  4od  luu 
the  (/(Mr  of  0.12  In  0.6  c.c    (2  to  10  mifiiiDft). 

Zii/.  Acii/i  Anenoii  (U.S.P. )  [/.'V-  Anenii  H^'Urtfrhiori^i,  B.l'.].— C«i- 
Uinso.51;^  HCi. 

tf'plif.  Pofassit  Arimi/it  (X3.S.V.)  ll$f.  Anrnifaiis,  B.P.].— t/iwA**! 
So/n/iov.) — Flavored  with  Sp.  Ijivand.  Co. 

Lif.  SoJiiArsmaiis{VS.V.,  ILP). 

Li^.  ArxfHi  ft  UydnxTi^yri  UJidi  (U.S.P.,  B  ?.).—{/?#*«««■'/  **k 
Hon.  ]    Coiiiaius  I  %  of  each. 


VII.   SELENIUM   AND  TELLURIUM. 

Selenium  and  Tclluriatn  re-^cmhle   arwnic  in  the  grneroJ   action  OB  1 
capillaries  of  the  Bplartchnic  area.    Tbey  ols<)  nffccl  the  central  nervou*  w* 
apparently    directly.       Tclluratcs   arrcNt   penpiration  (after    the    luatincr  d 
atropin?^,  and  have  been  rccommendcil  fur  this  purpoK  ;  but  iher  nnpan  1 
Tcry  pcrsirteni  garlic  mlor  to  the  breath,  li'.-ues,  urine,  and   feces,  ercn  i^  ■  J 
quantity  as  smnll  as  0.005  ^^-  '     '^'^'^  '"<*>'  l*^^^  ^**^  several  muntiu  ahcr  tl»  I 
administration  is  stopped.     It  is  caused  by  mrlhyl-lellurid. 

*  S-Hiii  7ei/urai.—SA^KO^.—Dose:  0.016  to  0.05  Gm.  {%  lo||'gtBili. 


IV.  ANTIMONY. 

I.  Tlie  actions  of  antimony  bear  a  close  resemblance 
those  of  arsenic.  The  dififercnce  lies  in  a  greater  local  irri- 
tation and  a  much  less  absorption.  Consequently,  n*rt 
g^h'fft  by  the  mouth,  doses  can  be  chosen  whose  only  action 
is  that  of  proditctnf^  nausea,  or  if  somewhat  larger,  vomiong 
If  injected  into  tlu  circulation,  or  if  given  in  oveitlo5cs.it 
produces  precisely  the  same  effects  as  arsenic,  hut  vomiting 
is  always  a  prominent  phenomenon,  the  poison  being  n^lT 
.excreted  into  the  alimentary  canal.  Small  doses  long  cf>r- 
.tinued  lead  to  a  train  of  symptoms  of  suhanttc  paisofanj;. 
entirely  analogous  to  those  produced  by  arsenic  tn  the  s»i» 
manner. 

The  treatment  is  the  same  as  for  arsenic,  cxoqit  that 
tannin  (tea.  etc.),  or  in  its  absence  magnesia,  is  used* 
an  antidote. 

*  Not  offidal. 

The  mo<«t  important  prepanitions  are  marked  ^%. 
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Applied  to  the  skin,  the  chlorid  is  a  strong  caustic.  The 
double  tartrate  c^  antimony  and  potash  (tartar  emetic)  pro- 
duces a  pustular  eruption.  This  is  due  t«^  the  decomposition 
of  the  double  salt,  which'is  but  slightly  irritant,  by  tlie  acid 
secretion  oi  tlie  follicles  into  mi>re  irritant  simple  salts. 
1  2.  Therapeutically  the  tartar  emetic  is  the  salt  most  frc- 
quently  employed  internoUy.  As  an  emetic  it  has  fallen  out 
of  favor,  its  action  bein;^  too  slow  ami  trio  depressing.  As 
a  piauseant  it  has  advantages  over  all   other  metals,  since 

»the  dose  required  for  this  is  only  about  one-tenth  of  that 
which  produces  vomiting.  The  sulphid  is  preferred  by 
some,  since  this  dissolves  much  more  slowly,  and  therefore 
has  a  more  lasting  action.  Antimony  preparations  are  useful 
as  diaphoretics  and  expectorants  (see  p.  303  and  529). 
For  local  uses  sue  Chapter  XXVIII. 
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MATERI.A    MEDICA  OF  ANTIMONY. 

Hid  Preparations ; 

Antim>>u\i  Siiiphidum  Pnyi/iaitum  (U.S.P.)  lAHtimpm'um  J^igrum  Puri- 
Jiitifutn,  H.P.y — SulfhiJ  (Tn>>ul|thi'l)  .'/  AnlitHorty  (/fAt.t  AHthnoHy].— 
SbjS,-  '''>*  native  sulpbid.  purified  liv  wa.'-hing  wiih  nmnnmia  wanrr.  In- 
Solut>le  black  |xiW(]L-t.     t'M:d  uiily  in  iIil-  |)rE-i>:irntirtti  uf  the  nthcr  com^iuuiiils. 

An/itHt'tiium  Suiphurtitum  (U.S  P..  B.P.  |.  —  (^Kermn  Atineral.)  OonsiMs 
cbtetly  of  Sb,S)  with  a  small  amount  of  Sb,0,.  Mndt  by  dissolving  UbkS,  in 
NaOK  and  iirecipitatinjj  with  HjSO^.  Insoluble  reddish  puwiler.  i)ou : 
■  coi  to  0.06  Gra.  {*^  to  I  grain). 

(This  is  contaJDcd  in  : 
FHhU  An/im^nii  CamfiotUct  (U.S. P.)  (Piitmmer's  Pitt) : 
Each  pill  contains: 
GXAMS.  GXAINS. 

Sutptiunted  .Aatimouy 0.04  *,-^ 

Calomel 0.04  M 

tituiac O.C&  i}l 

D9S<:  I  to  3. 

Anlimouit  Oxidum  (L'.S.P,,  B.P.).—  SbjO,.  S  gray  powder  obtained  hy 
precipiuting  antimony  chlorid  with  water,  and  treating  with  Na^CO,.  Dose  : 
0.06  to  az4  Gm.  ( I  to  4  graini^). 

^*^Aatimomi  if  I'afaitii  Tartrat  (U.S. P.)  \Antimomum  Tartaratum^ 
BP.J  — Trfrftj/-  Emetk  \T>irtarm  .WAio/m/).— 3K(SbO:.C^H«0,  -f  H,0. 
While  cryital.>i  or  (lowder,  prrj>nnvi  by  trraiin^  SbjO,  with  acid  ]M>tii<tiiiuin  mr- 

■  traie.     Soluble  in  17  t^rtH  water,  in^tlulilc  in  alcohol.     Dm(  :  0.006  to  0.03 
('in.    (]^  to  y^  groin)  fur  Expectorant  and  Diaphoretic;  0.06  to  0.12  Giu. 
( I  to  2  grains)  for  Emetic. 
Liquid  Preparations: 

*  Mnum  Anltmomi  (U.S.P.)  fl^nww  AntimoniaU,  B.P.].— 0.4*  Tar- 
tar Emetic  (oi  ^  B*"'  '))■  ■^''■*'.'  Expectorant,  0.3  to 4  c.c  {5  to 6o  minims); 
Emetic,  4  to  15  c.c.  (3J  to  it). 

The  most  im[)artanl  preparations  arc  marked  ^^ 
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^''^Syru^i  Sfi/la  Compaitus  (U.S.P.)  \iiwt  Symf): 

CoDUins:                                   In  lOO  c.c.  :  1i3)- 

SqaJlls 8.0  Gm.  4  graiiu. 

SraegB 8.0    "  4      " 

Tnrtar  Emriic     , ai    "  j^  tT"""* 

Used  especinllyin  wbooping-cough.     Date  0.3  to  z  c.c  (5  to  30  nuntau). 


V.  URANIUM. 

ThU  U  one  or  ihc  mosl  poi>unou>  of  mcLiI-s.  The  uranium  salts  are  «fj 
corrosive,  aiid  nre  in  c<»n sequence  readily  absorbed  ftnm  the  aliOKtUary  ran«l> 
Their  action  iMcmbles  thai  ot  flrwuk.  but  lo  utditioD  they  Icttcn  inienul 
reiipimtioa  after  the  tuannet  uf  hydrocyanic  acid. 

The  <iymp(nn»  nf  poisoning  include  a  severe  gastro-enlentit,  with  ecehr- 
Di0Sie>L.  Liegcnernlian  of  the  wolU  of  blood-vessels  and  of  orgsus  ocEon. 
There  \h  a  strong  iiephriti!> ;  the  amount  und  spci'iRc  gravity  of  llie  unne  tre 
increased,  and  it  cunLiins  liugar  and  albumin.  The  glycDsnria  is  probably  an 
expression  of  the  "internal  asphyxia." 

The  ntftal  bos  no  Ihtrapeutu  induatiom. 

*  Uranium  Nitrate. — Soluble.     Doif ;  0.0I  to  o.oa  Gm.  \y^  to  j^'  gru>|- 


VI.  BISMUTH. 


The  thempcutic  impnTtance  of  this  nictnl  liei^  in  the  local  artinn  oi'wst 
Balls.     TtitM:  arc  brought  into  solution  by  the  acidity  of  the  gastik  juicc 
act  ill  lh>»  way  lu  antacids).     It  is  not  easily  iibM>rlied  frum  the  alimentary 
even  when  disiiotvrd,  but  general  poiMining  lias  uccorred  tlirough  ibe  aburp- 
ttoii  of  the  basic  silts  from  open  wouikI  auifacex 

If  it  i^  injected  directly  into  the  blood,  it  ptoduces  the  ancnic  pbcontsnu 
on  blood-ves.sels.  There  is  perhaps  al«>  a  direct  involvenieul  of  llie  ceal«l 
nerruus  Dystem  aod  depression  of  the  vasomotor  center,  llic  heatt-tmiHie  ii 
bImi  dcitrcssed-     The  blixxj  prcvsurc  !tink»,  then-fore,  vcrr  rapidly. 

Bismuth  fonii*i  a  black  and  very  insoluble  *iilphid.     ^^ince  II,S  ii  al«av 
present  in  the  large  iiile«tJne,  this  is  always  culored  black.     When  the  Ii»iBaU 
is  in  llic  bloo<l,  ihe  precipitation  may  occur  in  the  vessels  of  (he  Urgr  mir' 
and  lead   to  capillar)- embolism,  and  thr*  to  ulceration.      Therapeutical  It, 
avidity  for  IljS  serves  to  remove  this  irrilant  from  the  iDtestinal  canal,  and 
benefits  of  bismuth  may  l»e  due  to  this  in  certain  cajies. 
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MATERIA  MEDICA. 

1.  Insoluble  Salts.— /><>j'';  0,3  to  4  Gtn.  (j  to  60  gnins).  {WUle  po*- 
dcrs  tasteless  and  odorless.) 

fiiiinuthi  Sui'i^arfwnas  {\5.^.V.,  B.P.I. —(mO),CO,  +  xHfi.  Vte^miA 
by  pouring  a  solution  of  Bi(NOt)j  Into  N'a,CO|. 

^"^SismuiAt  SNhnitrM  (U.S.t*,  B.P.).— BiONO,  +  xH,0.  Prepirrfh 
pouring  a  solution  uf  Bt(NOj)j  into  water. 

Biimuthi  Ciifits  (U.S.  P.). — ^Treating  iHSmuth  subnttiate  with  dttk  scil 

Biimtithi  SaUiffas  ( B.  P.  \. 

•  Bismush  SuhgaUate  {Derntiitof). — Dry  yellow  powder,  1  L».ijuui>es*«^ 
especially  as  absorbent  antiseplic. 

Many  otbct  insoluble  orgmoic  bismuth  salts  aitd  proteid  compoands  ve  iD* 

*  Not  official. 

The  most  imponani  prepantioas  are  mailed  ,*^ 
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foun<1  on  the  nuuket,  bul  in  view  of  the  non-conxjsive  character  of  the  ordinarj- 
subnitiiitc,  it  is  dillicult  to  sec  to  wliat  they  arc  superior. 

a.  Soluble  Bismuth  Salts  and  Their  Preparationi. — The  «-nlue  of  bi»< 
muth  prep«nilioti»  ticA  precisely  in  their  itpariiig  solubility,  so  tbAt  the 
followiug  an:  iiot  Kiculilic  t 

Bismutki  it  Ammanii  Citras  {U.S.P.). — Bismath  Citrate  dissolved  in  Am- 
monia and  dried  In  !>cale<(.  Very  soluble  in  water,  sparingly  in  aloobol.  D^u  : 
0.12  to  0.3  Gro.  (2  to  5  grain»). 

*  £!Lxir  Btsmnthi  (N.  F. ). — 3-5  ^  Citmlc  of  Bismuth  and  Animom'a. 

l.i,juor  Biimutki  ft  Ammonh  Citraiit  ^B.P.). — Oosf :  2  to  4  c.c.  (  tj  to  I 
dmchni). 

VII.  IRON. 

\Vlien  iMficttd  dirtftfy  iM/<t  tkf  nrcuiotum  this  metal  pmducei  effects  which 
reMnible  those  of  arsenic  verj*  closely,  ({'reparations  which  do  not  precipitate 
proteiiU  mu&i  be  lued. )  Hypodermic  injrctioiLH  inay  t>ivr  ihr  »unc  rr^ult. 
Laigr  Miiinintb  of  cancrniralcd  iron  iBlt>>  nito  prixiucp  cutnjsiun  when  inlro- 
duceil  into  itie  Monuich,  nud  may  then  give  riM;  10  analogous  »ymploiDs.  When 
given  ID  uiudctalc  conccnlnitioii  there  is  no  marked  absorption,  and  it  pnxinccs 
»lroa»t  00  tmuiedinic  action, 

Ijitc  and  remote  actions  of  iron  hare  been  very  carefully  and  persistently 
sought  for,  to  suppurt  the  time  honored  u.se  of  iron  in  anrniios.  litis  u&r  dates 
ftum  the  reinotcsl  time  ;  even  the  ancients,  who  knew  nothing  about  t)ie  impor- 
tance of  iron  in  the  blood,  left  swords  tu  rust  in  water,  and  then  drauk  this  water 
oa  a  remedy  luf  the  same  diseases  against  which  trun  is  now  employed.  When 
the  pfcsetHX  of  iron  in  hemoglobin  wns  discovered,  it  seemed  to  furniiih  a  rational 
buis  for  the  uk  of  iron  ^Its.  However,  the  niv>re  the  action  Ions  been  studied, 
the  leu  tenable  dcsrs  wch  a  simple  expUnalinn  become.  At  one  time  the 
beneficial  effects  of  iron  were  denied  altogether.  This  entrcmt  hn-*  at'Ki  Wen 
recovered  from.  At  llie  pri-scnl  day,  it  is  conceded  by  pracltcally  bU  thcra- 
peutisl»  that  neither  iron  nor  any  other  drug  can  raise  the  hcmogliibiu  when  iu 
•mount  IS  nomiftl ;  but  when  it  i»  abnoimally  low,  iron,  no  matter  in  what  form 
it  IS  given,  will  incieasc  the  hemoglobin.      How  it  does  this  is  still  in  dispute. 

Iron  alw  occurs  in  the  liver,  spleen,  iKmc-martow,  kidneys,  ond  other 
organs,  where  it  can  be  dcmorstraled  by  micr<xhcmic  rcncUon*.  Indeed,  it 
probably  fbmu  a  neces&ar^-  cumpuncnt  of  every  cell.  (It^  imptittance  la 
plants  ho*  also  been  entahlished,  although  it  docs  not  occur  in  ttic  cblorophyl, 
&s  was  at  one  time  believed. )  A  diminution  of  the  iron  stock  of  (he  m^y 
may.  thcrcfotv,  be  expected  to  act  directly  upon  all  the  cells — a  fact  which  is 
so  ovcndiodowed  by  the  much  more  c<inspicuaus  diminution  of  benioglubin 
that  it  ha«  not  received  the  allentlon  which  it  deser^'es. 

Theories  of  the  Action  of  Iron. — The  view  that  iron  is 
simijly  absorbed  as  sucli  .onti  converted  into  hemoglobin 
having  become  untenable,  a  large  number  of  tlieories  hav-e 
been  advanced  to  explain  its  action.  A  great  many  of 
these  are  now  only  of  hi.stnric  interest.  At  the  present  time 
two  distitict  theories  are  in  the  field. 

According  to  the  first  theor}',  the  improvement  after  the 
iron  15  due  to  the  absorption  and  gradual  utilization  of  iron, 
whether  it  is  given  in  organic  or  inorganic  form.* 

1  By  "  crgiinir  irtfti ' '  prepamtioru  in  this  connection  is  meant  the  fonn  in 
which  iron  exists  in  the  cells  and  m  the  fond  ;  namely,  not  as  on  ion,  but  in 

*  Not  oflictol. 
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The  second  theon*  is  that  iron  can  be  absort>ed  if  it  is 
given  in  the  organic  Ibrm,  but  that  inorganic  iron  is  not 
assimilated,  and  acts  by  improving  the  processes  of  diges- 
tion and  absorption,  or  in  some  other  manner,  without  itself 
entering  into  tiic  formation  of  the  hemoglobin. 

Up  to  quite  a  recent  date  it  was  alt<^ether  a  moot  ques- 
tion whether  iron  was  absorbed  at  all  in  any  form  other 
than  that  in  which  it  naturally  exists  in  food.  This  having 
been  settled  in  tlie  affirmative  in  the  case  of  certain  organic 
iron  preparations,  it  \vas  still  que5tioned  in  the  case  of  the 
inorganic  iron.  This  aUo  is  now  answered  in  the  affirma- 
tive, the  only  point  in  dispute  being  whether  the  absorbed 
inorganic  iron  can  be  utilized  or  whether  it  simply  plays 
the  role  of  the  carbon  particles  in  the  lungs,  which  are 
also  "  absorbed."  carried  in  tlie  lymph,  and  deposited  in 
certain  organs,  but  whicii  take  no  part  in  metabolism,  as 
does  *■  organic  "  carbon,  say  in  the  form  of  sugar  or  faL 

(A)  It  might  at  first  view,  seem  a  very  easy  problem  to 
determine  by  chemic  methods  whether  iron  is  absorbed  or 
not.  But  one  cannot  determine  it,  as  in  tlie  case  of  nitro- 
gen, by  estimating  the  difference  between  the  iron  in  the 
food  and  in  the  feces,  since  the  intestine  is  the  channel 
of  excretion,  as  well  as  of  absorption,  of  iron.  Indeed, 
iron  is  not  excreted  by  the  urine,  e.xcept  in  small  amotmts. 
Even  when  it  is  given  hypodermically  it  can  be  shown  that 
while  the  injected  iron  has  largely  disappeared  from  the 
body,  only  a  small  part  has  gone  into  the  urine.  The 
main  amount  has  been  excreted  by  tht'  intestine — not  so  much 
by  the  bile  as  was  at  one  time  supposed,  but  by  tlie  epidic- 
lial  cells,  especially  ol"  the  laryc  intestine.  The  gastric 
juice  contains  only  ver)- faint  traces.  It  is,  therefore,  impos- 
sible to  say  wliether  the  iron  existing  in  the  feces  is  unab- 
sorbed  or  excreted.  In  experiments  extending  over  but 
few  days,  the  iron  in  tlie  feces  is  very  frequently  greater 
than  that  in    the    food.      In  extending   such    observations 

ftnn  corabinaiion  with  the  orgtnic  const! lu«eils.  Iii  this  form  il  lacks  ibe 
chcmic  character  of  iron  ii^llft ;  it  does  iioi  imm«lin|ply  give  prcdpitattun,  for 
iastance,  with  nmmontum  Milphid  :  it  cnnnot  be  separated  by  rlertrolysK.  and 
cannot  l>e  split  off  by  acidified  alcuhol.  The  inorganic  iron  preparations  are 
those  which  give  the  rrOLtiuti!!  ineutimird.  It  di>FS  not  matter  whether  ibe 
Fe  is  combined  with  an  inoTRnnic  acid,  as  In  sulphate  of  ir«n.  or  with  organic 
acids  as  in  the  acetate  or  even  albuminate.  (Icuii,  like  all  metjUs,  gives  a 
precipitate  with  proteids,  but  it  exi>ts  in  this  conibitiatiuD  «s  '*  inor^Bnic 
iron."  Il  can  be  easily  split  ofl*  from  this  and  differs  in  every  mpeo  btMa 
Ihe  so-called  orEank  iroa  found  in  the  fuod  and  in  the  body.) 
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o\'rr  long  periods  it  is  shown  that  the  iron  income  and  out- 
go are  ver\-  nearly  rvenly  balanced.  But  this  also  does  not 
show  whether  the  iron  iii  the  body  is  renewed  during  this 
time  by  absorption  and  excretion  :  One  would  be  entitled  to 
believe  thai  no  iron  was  absorbed,  and  that  the  body  simply 
utilized  its  own  stock  over  and  over  again.  This,  however, 
is  di:4provcd  b\'  tlic  fact  that  the  feces  of  starvin^,^  individuals 
contain  iron  ;  so  tliat  it  must  be  excreted,  and,  cotisequently, 
absorbed.  Absorption  is  als<j  proved  b\'  the  fact  that  the 
adult  cont;iins  more  iron  than  a  young  animal.  All  this 
scr\'es  to  sliow  that  tlie  method  of  income  and  outgo  is  not 
adapted  to  solving  the  question,  for  it  does  not  even  prove 
with  certainty  any  absorption  under  conditions  in  which  there 
is  a  rapid  gain.  It  only  suffices  to  show  that  the  quantity 
of  iron  which  may  be  absorbed  from  an\'  preparation  what- 
soever cannot  be  greater  than  a  few  milligrams.  This  evi- 
dence is  ver>'  unsatisfactory  ;  for  these  few  milligrams,  were 
they  absorbed,  would  be  of  the  greatest  importance,  since 
we  know  by  other  methods  tliat  the  normal  aijsorption 
is  no  more  tlian  10  milligrams  per  day,  and  probably 
much  less. 

\'ery  long-continued  accurate  observations  would,  of 
course,  give  tangible  results,  but  these  are  almost  imprac- 
ticable. It  was,  therefore,  attempted  to  trace  the  iron 
into  the  body.  Since  iron  is  already  found  there,  and  the 
smalt  difference  which  would  result  from  its  absorption 
could  not  Ix;  recognized  with  ccrtaintj'.  it  was  attempted  to 
solve  the  difficulty  by  the  administration  of  a  metal  very 
closely  allied  to  iron — viz.,  nuingamsv — on  the  assumption 
that  it  would  suffer  the  same  fate  as  iron.  The  result  of 
these  experiments  showed  that  Mn  is  not  at  all  absorbed 
except  when  given  in  corrosive  doses.  It  was  ai^ued  from 
this  that  the  inonjanic  iron  preparations  are  also  incajKible 
of  absorption.  The  weak  point  in  this  argument  lies,  of 
course,  in  the  assumption  that  the  absorption  of  iron  is  tlie 
same  as  that  of  manganese.  When  one  considers  the 
chcmic  similarity  of  As  and  Sb  and  the  dilTerence  in  their 
absorption,  the  reasoning  from  analog}-  becomes  at  once 
untenable.  Indeed,  as  we  shall  have  occasion  to  see,  inor- 
ganic iron  is  actually  absorbed. 

Still  another  method  employed  to  study  the  question  by 
chcmic  means  was  to  estimate  the  totd/  quantity  of  iron  in 

'  body  of  an  animal  fed  for  a  considerable  time  on  the  prepa- 
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rations   to    be   investigated,  as  compared  with    that   in  a 
control  aninml. 

A  new-boru  auimal  cuol&iiu  a  lar^r  peiccntace  of  iron  in  tls  tissues  than  an 
adult.  This  is  a  u»eful  |iro«isiuii,  becaUK  milk,  uixm  which  the  animal  (txd» 
during  ihe  first  days  of  its  life,  contains  a  proponiim  of  iron  wbicli  «*uuld  be 
eotirely  insuflicieiit  for  its  nulriliun.  Consequently  during  the  tir«l  days  of 
life — in  Ihe  ^u'^o-P'S  '^"^^  tubhh  jiomcthing  like  the  fir!>t  &evca(eeii  djiys  — 
the  iron  stock  perct-nlnge  diminrshcv  This  cnnlinuca  up  to  the  time  when 
the  animal  begins  to  take  suliit  food  conuining  a  larger  percentage  of  iron 
than  docs  milk.  At  thiii  time  nU  the  animals  of  a  litter  contain  practically  the 
same  amniint  of  iron  in  ihcir  bodies.  If  (hey  arc  now  put  on  different  dietaries 
or  upon  the  same  <liet  willi  or  withimt  the  iron  prej>atations  to  be  investigated, 
the  (unoum  abMirt)t:d  can  be  calculated  by  comparing  the  amount  of  iioti  in 
their  bodies  with  that  found  in  the  control  animals. 

By  this  method  positive  results  have  bten  obtained  by  all 
observers  for  food-iron  anti  for  certain  forms  of  orgaiiic 
iron ;  but  the  results  for  inorjjanic  iron  arc  not  uniform  for 
different  experimenters. 

The  reason  for  this  inust  be  aoughl  in  the  difBculty  of  excluding  absorplloD 
by  corrosive  action.  Unskilful  administiatian  might  lead  to  targe  absorpDoo, 
while  more  careful  experimenters  w^mld  tind  little  or  r»o  ab«>rplion  under  stmi- 
\mi  conditions.  It  Miems  probnblc  thai  wiih  careful  experJinenls  the  qmntilr 
absortiefl  from  inorganic  irnn  preparatinns  is  ton  small  In  be  drmimstnited  with 
certainly  by  (his  inethud.  Hut,  even  were  it  demonstrated,  this  would  not 
exclude  the  itlira  that  the  increase  wa.s  due,  nut  lu  absorption  of  the  inttrgunic 
iron  itself,  but  to  its  increasing  the  ahsorjition  of  fucxl-iraa  iccotding  In  ihe 
theories  to  be  mentioned  later. 

The  chemic  methods  have,  therefore,  not  accomplished 
much  for  the  solution  of  the  question.  The  conclusions 
to  which  they  have  led  may  be  summarised  as  follows 
(Bunge) : 

1.  It  has  not  been  proved  (by  chemic  methods)  that  in- 
orj^anic  iron,  given  in  small  amounts  (i  or  2  decigrams  per 
day  for  man),  is  absorbed.  The  possibility  of  a  slight  ab- 
sorption must  be  granted. 

2.  If  larger  quantities  of  iron  are  given,  or  if  the  admin- 
istration of  smalt  amounts  is  continued  for  a  long  time,  a 
part  of  the  iron  is  absorbed.  It  has  not  been  shown  tlut 
the  iron  absorbed  in  this  manner  is  assimilated.  The  pos- 
sibilit>^of  such  assimilation  must  be  granted. 

3.  It  is  certain  that  iron  given  in  the  organic  form,  or  as 
contained  in  food,  is  largcl)'  absorbed  (and  a.ssimilated). 

(B)  For  all  our  modern  knowledge  concerning  the  absorp- 
tion and  a.ssiniilation  of  iron  we  arc  indebted  to  microchemk 
methods. 

Iron  exists  in  the  body  in  a  number  di dijfire^nt  forms : 
I.  Dissolved,  as  in  hemoglobin.    In  this  form  it  does  not 
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give  any  iron  reaction  with  ferrocyanid  even  after  the  action 
of  acids  ;  nor  with  (NH^)^. 

2.  In  granules.  These  give  a  more  or  less  pronounced 
iron  reaction  after  the  action  of  acids.  These  granules  are 
found  in  the  liver,  spleen,  bone-marrow,  and  other  organs. 
They  appear  more  abundant  in  certain  situations  when  iron  pre- 
parations are  administered.  In  this  way  they  furnish  a  guide 
to  the  absorption  and  fate  of  iron  preparations,  as  follows : 

Absorption  of  Iron. — Iron,  whether  inorganic,  organic,  or 
food-iron,  is  absorbed  only  from  a  limited  part  of  the  small 
intestine.  The  absorption  begins  at  the  pylorus  and  extends 
a  very  small  distance  downward,  the  distance  being  propor- 
tional to  the  amount  of  iron  given,  and  varying  also  accord- 
ing to  the  preparation  used. 

Inorganic  iron  is  converted  into  an  albuminate,  as  a  pre- 
liminary to  its  absorption.  This  is  again  decomposed  by 
the  pancreas  and  bile,  and  so  becomes  again  incapable  of 
absorption.  In  this  way  the  conditions  for  absorption  are 
only  favorable  for  a  short  distance.  This  is  perhaps  one 
reason  for  the  greater  absorption  of  organic  irons.  Tliese 
are  not  converted  into  albuminates,  and  are  not  so  readily 
decomposed  by  the  pancreatic  juice,  so  that  their  absorption 
extends  further  down  the  intestine. 

The  absorption  must  presumably  take  place  through  the 
epithelium,  but  the  iron  passes  through  so  rapidly  that  it 
cannot  be  made  out  in  the  cells.  It  is  next  seen  lying  as 
granules  in  the  leucocjtes  of  the  mucosa.  With  inorganic 
iron  preparations  the  leucocytes  collect  in  abnormal  num- 
bers toward  the  tips  of  the  villi.  These  leucocytes,  mostly 
of  the  eosinophile  variety,  carry  the  iron  partly  to  the  mesen- 
teric glands,  partly  into  the  portal  vein.  The  radicles  of  the 
latter  also  take  up  iron  in  a  dissolved  condition,  so  that  their 
endothelium  and  serum  give  the  iron  reaction  after  treatment 
with  acids. 

The  greater  part  seems  to  be  carried  to  the  liver  and 
deposited  in  the  liver-cells,  at  first  toward  the  periphery, 
later  toward  the  center  of  the  lobules.  Here  tlie  granules 
derived  from  the  inorganic  iron  behave  ver\'  differently  from 
those  originating  from  the  food  and  organic  iron  ;  the  latter 
resemble  in  all  respects  the  granules  normally  found  in  the 
liver  and  other  oi^ans ;  the  former  are  very  much  more 
eamly  split  up  by  adds,  and  retain  this  pro{:>erty,  so  tliat 
they  are  probably  never  converted  into  body  iron. 
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A  certain  amount  of  depasttion  also  take;  place  in  the 
spleen  and  bone-niarrow.  Tiic  granules  of  organic  iron 
are  stored  in  these  organs  and  are  supposed  to  be  con- 
verted, as  needed,  through  some  iiitennediate  form  into 
hemoglobin  and  other  dissolved  iron  ;  but  here  the  micro- 
chcmic  methods  fail  us,  and  nothing  definite  is  known 
until  excretion  is  reached.  The  granules  again  make  their 
appearance  at  the  places  of  excretion — i.  £„  the  ccUs  d 
Licberkiihn's  crypts  in  the  cecum  of  the  large  intestine 
and  rectum.  Granules  are  also  seen  in  the  kidneys,  and 
part  of  the  iron  is  excreted  in  the  bile.  The  relative 
quantities  leaving  by  these  channels  ap|>car  to  be  variable. 
The  conditions  which  influence  them  are  not  known. 

In  pn-gnnncy  the  imn  which  goes  In  the  fetus  comes  laf^ly  ivom  cW 
spleen.  'Hiis  can  be  seen  by  histolc^c  metbixls.  The  average  iroo-cocHM 
a  the  »{ilecn  !&  iUm  shown  to  be  lowered  by  cbemic  ofutlyut. 

(C)  Effect  of  Iron  on  Hemoglobin  Formation. — All  the 

facts  so  far  presented  show  only  that  the  imn  is  absorbed 
and  deposited  in  the  liver  and  other  organs.  It  docs  noi 
yet  form  a  part  of  the  protoplasmic  molecule.  Until  it  does 
so,  it  may  practically  be  considered  "outside  of  the  body." 
No  matter  how  much  iron  may  be  presented  to  the  organ- 
ism, no  matter  how  much  or  in  what  fomi  it  is  absorbed  it 
is  not  converted  into  protoplasmic  iron  at  once,  but  is  stored 
in  the  intermediate  granule-form,  until  required.  On  tliis 
accoimt  it  is  impossidlf  to  increase  the  hemogiobin  beyond  &^ 
normal  timit,  although  it  is  possible  to  increase  the  iron  in 
the  body.  The  only  way  in  which  such  iron  can  be  nor* 
mally  of  any  conceivable  benefit  is  in  young  animals,  which 
it  may  enable  to  grow  more  rapidly.  In  normal  adults, 
with  the  normal  amount  of  iron  in  the  food  and  ihc  noniul 
excretion  and  absoiption,  an  increase  of  the  iron  in  the  iof^ 
and  its  increased  absorption  would,  therefore,  have  no  cficfl 
whatsoever  upon  the  hemoglobin. 

How  is  it  in  conditions  in  which  the  hemoglobin  is  o^ 
normatf  Can  this  artificial  administration  of  iron  be  utilitt<i 
in  this  condition,  and  does  it  lead  to  an  increase  of  hctno- 
globin  ?  It  is  mainly  in  the  answer  to  this  question  that 
the  authorities  disagree. 

It  may  be  stated  at  once  that  iron  in  any  form  is  et^S^ 
of  tftcreasing  the  hevioghbin  in  anemia.     But  this  JJ  «* 


UTILIZATION. 

equivalent  to  saying  that  it  acts  by  being  converted  into 
hemoglobin.  To  justify  such  a  statement  it  woulii  be  neces- 
sary to  prove,  first,  that  tht;  amount  of  iron  presented  in 
the  food  for  absorption  is  not  sufficient  for  the  needs  of  the 
organism  ;  and,  second,  that  the  absorbed  artificial  iron  is  fit 
to  replace  this  deficiency. 

In  regard  to  the  latter,  it  has  been  determined  that  the 
organic  iron  suffices  to  supply  the  iron  needed  for  the  addi- 
tional hemoglobin  of  the  growing  organism.  Inorganic  iron 
increases  tlie  hemoglobin,  both  in  growing  animals  and  after 
hemorrhage,  if  the  organic  iron  of  the  food  is  abumhtnt ;  more 
than  would  be  the  case  if  the  same  diet  were  given  without 
the  inorganic  iron.  But  when  it  is  given  with  an  iron-free 
diet,  it  does  not  increase  the  hemoglobin. 

Some  obsen-ers  hav«  clnJcued  the  op(>o«tte.     It  i)>  not  unlikely  that  in  these 
there  wns  o  lai^e  amount  of  iron  stored  in  the  body. 


In  other  words,  while  it  appears  that  organic  iron  may 
be  converted  into  hemoglobin,  it  seems  that  inorganic  iron 
is  incafjable  of  this  change,  but  increases  the  powtrr  of  the 
organism  to  utihze  tlie  organic  iron. 

It  has  also  been  dcmoastrated  directly  that  the  adminis- 
tration of  these  inorganic  iron  preparations  causes  an  in- 
creased activity  in  the  formation  of  red  corpuscles  in  bone- 
marrow,  especially  after  lieniorrhage. 

The  appearance  of  the  intestine  ifter  the  ineeslicm  of  inorgnnic  iron  mjta 
is  BaKgextivr  uf  the  cxplanatiuu  uf  llii«  stimululiun.  It  hns  twen  mentioned 
thai  leucocytes  occur  in  unusual  ninn^'er^  nt  llie  ti|>.s  uf  the  viUi  whete  the  icon 
nb9or|)tion  occur'.  It  is  not  unlikely  th«t  the  |ire>cncc  of  ihc  iron  granules  tie- 
pOMled  in  tlic  spleen  nnU  bone-ianirow  aIso  stimulate?  tlie  action  of  the  cor- 
puscle* furiiiin|>  cells  in  these  organs,  tii  ui  analogous  niuiincT. 

Application  of  Iron  to  the  Treatment  of  Anemias  : 

Thr  alxivf  \<i  the  jjisi  of  ihtr  inihr^r  vuluniiipuii^  literature  on  ihc  esperimenuil 
ride  of  the  action  nf  iron.  It  now  rcmaini*  lo  npply  this,  to  rx]:ilnin  ihc  Hciiuuwt- 
edged  clinical  data,  and  to  endeavor  to  formulate  ihe  rules  which  ithould  guide 
its  adminiftlration. 

I.  Iron  has  been  extensively  used  in  the  treatment  of 
chlorosis  and  other  forms  of  anemia.  Aithougli  success  is 
not  uniform,  it  is  so  frequent  as  to  leave  no  doubt  about  its 
value  in  many  cases.  As  to  ^vhcthcr  the  inorganic  or  the 
organic  form  is  the  most  efTRcient.  and  as  to  the  relative  value 
of  small  or  large  doses,  the  statements  of  clinicians  are  so 
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discordant  that  it  is  difficiilt  to  avoid  tlie  suspicion  that  tlidr 
judgment  lias  to  some  extent  been  influenced  by  their  prt- 
conceived  views  concerning  the  action  of  iron  and  the  nature 
of  chlorosis. 

To  arrive  at  any  satisfactory  conclusions,  it  wll  be  neccs- 
sar\'  to  have  a  clear  conception  of  tlie  nature  of  tlie  diseases 
In  chlorosis  tlie  most  strikin(7  symptom  is  the  deficiency  ol' 
hemoglobin  in  the  blood,  tlie  corpuscles  not  being  decreased 
in  a  corresponding  degree.  The  iron  in  the  blood  is  pro- 
portionately diminished.  ^ 

This  is,  however,  not  the  only  symptom.     Lessened  appe- 
tite and  constipation  are  also  usually  very  conspicuous.    It 
is  easy  to  sec  how  each  of  these  two  conditions — /.  f.,  diges- 
tive disturbances  and  want  of  hemoglobin — would  tend  to 
aid  in  the  production  of  the  other.     Stt>ckman  has  shown 
that  wherens  the  normal  diet  contains  6  to  14  mg.  of  iron 
(not  59  to  rog,  as  was  formerly  claimed),  that  of  chlorotic 
girls  contains  only  2.8  to  3.2  mg..  an  amount  which  oiuit 
certainly  be  considered  inadequate.      However,  no  onclm 
ever  been  able  to  produce  chlorosis  by  limitation  of  the  iron 
in  the  food.     The  fact  that  it  is  peculiar  to  females  at  ibt 
age  of  puberty  sufllices  to  show  that  the  fsseniial  conditnn 
is  not  want  of  iron  in  the  diet.      Nor  will  it  be  found  tb* 
the  patients  improve  as  rapidly  as  might  be  expected  whrn 
the  difference  is  made  good  by  the  addition  of  even  a  faiHj 
large  excess  of  organic  assimilable  iron  lo  tlie  food.    Tw 
primary  cause  must  not.  therefore,  be  sought  in  a  deficient 
introduction  of  iron,  but  in  its  faulty  absorption  or  asstauia- 
tiott.     It  is  not  unlikely  that  both  arc  involved,  and  tlieaio 
should  be  to  make  the  conditions  for  botli  a5  favorable  a* 
po.*isiblc.      But  it  may  be  unhesitatingly  granted  that  the 
diminished  supply  of  iron    must  be  a  contnbutor>*  tort"' 
to  the  condition,  and  the  first  indication  would  seem  to  be 
to  reestablish  the  normal  iron-content  in  the  food.    This  nu,' 

» Jollea  and  Winkler  give  tlie  Tollowing  figures  for  the  iroa  in  Ihe  bka^* 
Qrine  io  certain  diseases : 


NocumI 

Catarrluil  ictenu 
Grave  anemia 
Chlorosia    .   .   , 
Lcucemia   .   .   . 
Malaria  .   .   .   , 


Iron  in  r  LrrKa  or  Blood, 
540  to  720  tag. 
2»      •* 

H)7  10  254  '* 
260  tu  299  " 

274     •• 

300     '* 


laoH  tM  Dav*>  UbPB' 
4.6  to  lo.D  n|. 

aS.o  to  52.0  " 
6.8  to    7.7  •' 
8.7 
ia.7 


be  done  either  by  well-selected  dietaries  ^  or  by  stimulating 
the  appetite  by  bitters,  exercise,  inhalation  of  oxygen,  etc. 
But  since  the  amount  of  the  absorbing  surface  is  propor- 
tional to  the  amount  of  iron  (see  p.  617),  it  would  be  indi- 
cated to  administer  much  more  than  the  normal  amount  of 
iron.  This  could  not  be  done  by  food,  but  would  necessitate 
the  employment  of  organic  iron  preparations. 

Following  the  lirst  lueritoriutu  work  hi  this  direction,  innumerable  such 
pMpwrmtioiu  have  been  intnxluceU  inlo  the  market.  There  appears  to  be 
BO  KllfOO  for  believing  thnl  une  preparation  i.i  siipehiir  ta  annlher,  and  ihe 
dlMpeU  ahonld  be  prefcTred.  Thiii  wuuld  be  heiiKiglobin.  The  gastric  juice 
oonverls  this  into  hemalin.  which  is  cibsiirbed  like  other  organic  irons.  Since 
blood  is  nther  disgusting  to  many  palienis,  Jt  would  be  well  to  employ  the 
precipitated  and  dried  hemalin,  which  can  be  given  in  pill  fonn. 

This  would  be  the  extent  of  the  usefulness  of  organic 
iron,  but  inorganic  iron  would  also  aid  in  the  absorption 
and  assimilation  of  the  organic  iron. 

Since  the  ab.sorbing  surface  is  limited  by  the  precipitation 
of  the  iron  by  the  intestinal  juices,  the  organic  and  food  iron 
may  be  protected  by  inorganic  iron,  which  is  more  readily 

^  The  following  ta6it  «f  irtm'Cmtent  is  abridged  ftora  Bunge : 

MtULtr.XAMSDI'  FeiN 

loo  Gm.  Dry  SriSTANn. 

Kgg-  white trace. 

Rice  l,o~2.o 

*  Wheal  flour,  fine 1.6 

Barley +.5 

Ry*         4-9 

»  Whole  wheat 5.5* 

PloUtoeB 6.4 

Peas 6.2-6.6 

Carrots         8.6 

•Wheal  bran 8.8 

Apples 13 

Green  leaves  of  cabbage 17 

Meat  (beef) 17 

Atparagus , 10 

Vollt  of  egg        10-34 

Spinach       33-39 

Blood  {pigs)        326 

HetOfltq^eD 390 

Hemoglobin 340 

To  these  nuy  be  added  froia  Stockman  t 

HgFe. 

In  1000  c.c.  milk        3.8 

Id  100  Gm.  oatmeal  (=:  S8  dried)       3.14 

la  100  Gm.  while  bread  (=  70  dried) 0.6 

In  100  Gm,  lean  beefsteak  (=  37  dried)     ....       3.9 

•The  iron  of  wheat  ts  near  the  outer  portion  of  the  grain,  and  coarse  bread, 
containing  as  much  as  possible  of  (he  bran,  sUould  be  preferred  for  chlorodc 
patients. 
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precipitated,  and   would,  tlierKfore,  extend    the    absorbing 
surface. 

Thi.xi  precipitation  is  mainly  <lepeiMltfnt  on  the  xlkaliniiy  nf  the  psncRatic 
juice  and  bile,  not  on  the  presence  of  nbnormni  quantitir;  '.if  H,S.  as  wu  u 
one  lime  suppi)).t'd.  Uul  if  lUe  loiter  is  present,  it  will  alwj  be  neutiaJued  by 
the  inoqranic  iron  In  rilhrr  ruse.  Inm  u][.>i  could  t>e  replaccij  by  ibe  nltS  of 
other  metals  ;  iudeeii,  miingaiLe»c  has  given  fairty  good  results. 

Iron  is  also  an  astringent  and  mild  irritant,  and  maj'  in  tfiis 
way  conceivably  so  alter  the  state  of  a  diseased  mucous 
membrane  as  to  increase  its  absorbing  power. 

Till*  may  he  the  case  in  iheory,  but  it  can  scarcely  be  said  lo  rest  on  proof. 
The  quanlily  uf  iiuii  wuulil  hnvc  U>  l>e  ju^t  ri);ht.  Lai^er  <iiuiiitttj»  would 
cauKCCuirokiuii,  a.iid  iiuiy  make  llieadminLiinitiun  ufuny  fuimof  irun  inipuuible. 

Much  more  positive  evidence  has  already  been  cited  to 
shoNV  that  tlic  small  quantities  of  inorganic  iron  whicli  arc 
absorbed  stimulate  tiie  foci  of  blood  formation.  We  are 
inclined  to  attribute  to  this  the  greater  part  of  its  effects.  It 
will  be  remembered  that  arsenic  acts  in  a  similar  manner, 
and  may  to  some  extent  replace  iron,  although  it  is  not 
nearly  so  efficient. 

From  the  above  it  will  be  seen  that  inorganic  iron  prepa- 
rations may  be  expected  to  strike  more  deeply  at  the  root 
of  the  disorder  than  or^^anic ;  but  the  latter  may  be  expected 
to  eflTecta  more  rapid,  though  less  permanent,  improvement 
It  would  seem,  then,  tliat  both  forms  are  indicated  at  once. 
We  have  already  expressed  our  preference  for  crude  hematin 
among  the  organic  iron  preparations.  As  to  inorganic  pre- 
parations, it  must  be  reinenibered  that  the  amount  absorbed, 
as  well  as  the  protection  to  organic  iron,  will  be  proportional 
to  tlie  amount  given  ;  again,  that  the  soluble  acid  salts  arc 
miire  efficient  than  the  insoluble  carbonate,  or  especially 
still  more  than  the  reduced  iron,  since  these  have  to  be 
converted  into  soluble  salts  before  they  can  act  It  must 
also  be  remembered  that  excessive  doses  lead  to  deleterious 
irritation  or  to  constipation.  The  dose  should  be  so  ad- 
justed by  experience  in  each  individual  case  as  to  avoid 
these.  The  constipation  may  be  relieved  by  laxatives.  It 
is  further  to  be  borne  in  mind  that  the  iron  preparadons 
should  not  be  very  corrosive.  This  is  the  objection  to  the 
chlorid,  and  it  seems  to  us  that  the  sulphate  or  lactate 
would  be  more  jirninising. 

To  sum  up  the  measures  which  should  enter  into  the 
treatment  of  chlorosis : 

Hygiene:  proper  air  and  exercise. 
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*^t: :   plentiful   and   rich   in  iron;    bitters  (gentian)  and 
i:^^iv<js  (aloes). 


^^•"l^anic  and  inorganic  iron.     (Substitutes  for  inorganic 
—     -    manganese  and  ar.senic.) 


C^^~  The  pathology  of  other  anemias  is  still  more  obscure 
i-^  *^  tliat  of  chlorosis.  The  table  in  the  foot-note  on  page 
^^       shows  that  an  increased  disassimilation  of  iron  is  very 

t'^Jinent,  and  the  microscopic  examination  often  reveals 
Uc  quantities  in  the  liver,  spleen,  etc.      In  hemorrhage, 
the  other  hand,  these  organs  are  poor  in  iron.      In  many 

m  to  be 
^titiiig,  but  inorganic  iron   might   possibly  improve  the 
■•^tidition  ;  whilst  in  anemia  from   loss  of  blood  the  same 
'*"catinent  would  be  indicated  as  in  the  case  of  chlorosis. 


^»x 


^^Cniias,  therefore,  the  organic   iron  does  not  seem  to  be 


MATERIA  MEDICA  OF  IRON.» 

VAitmier  o(  prcparalion,  sec  p.  66.     Ferric  soils  have  a  reddish,  femius  & 
grcpntsh,  color.) 

^.  Prepatatians  Used  Only  Externally: 

/yrri  CklorUum  (U.S.  1'.).  —  Fc,Cl^  -j-  12H,0,      Freely  leJubk  in  water. 

Ltqtmr  Fori  Chhridi  (U.S.P.)  ^  aboul  38%  af  the  luihydrDtu  salt,  or 
'J%  Fe. 

Zi^MW  Ferri  Perckhriji  Forth  (B.P.)  —  2Z}4%  Fc. 

lii/itfir  Ftrri  Sitratn  (U.S.P.)  =  about  f>%   of  Fc,(NO,)»  =  1.4%  Fe. 
— LZ*V«^  Ferri  XitntUi  (B.P.)  =  3.3*  Fe. 

1^*^  Lipior  Ferri  Subiulpkalts  (U.S.P.)  {AhnsePs  Solution,  made  byoxid- 

\g  Fe,S<\wiih  UNO,  and  H,SO,l  =  13.6%  Fe. 

£MU4>r  Ferri   Tenu/phatis  (U.S.P.,  B-1'.)  =  about  29%  of  Fe,(S04),  — 

tiiH  is  luetl  in  the  ptcpuniliua  of 
ftrri  Oxiiium  ffyt/ralttm  rum  ^/iignrsiit  (U.S.P.)  {Antnic  Antidote). 
Tbe  following  should  he  kept  on  hand  : 

A  :  Uf)uor  Fcrri  Tcrsulpluitis  lO,  Water  lOO. 
B  ;  Ma|£nc.Mn  10,  Water  800. 
When  wanted,  6  i»  well  shaken,  A  19  added,  and  the  mixture  is  shaken 
until  Rinituili.      Il  is  ^tvcu  in  tablMpucmful    doses,   very  frciiueatly 
repeatnl.  itnd   fol l-iwci]  by  Invade  ur  emetic,  and  a  saline  purgative, 
rinsotuble  Inorganic  Preparations : 
Frrrum  Rtdurhtm  (U.S. P..  B.P.). — By  reduction  of  ferric  oxid  by  hydm 
gttt.      Aw.-  0.06  to  0.3  Gm,  (I  tr>  5  EminH). 

Tfixhiictn  Ftrri  fiedmti  (B.P.).  —  Eacli  contains  I  ^rain. 
Ferri  Carhonas  Saaharatiu  {\}  S  .'^ . ,  B.l'). — Made  by  precipitating  FeSOi 
with  NsHCOj.     Grecai»h<bmwn  powder  of  .^weeli.tli  fciruginous  taste  ;  easilj 
asuliz«d  in  njr.     Dast  .•  o.  12  to  to  o.(>  Gtn.  {z  to  to  {•mins). 
Femm^  Carbonate  is  alM>  contntned  in  : 

Mina  Ffrri  Carhonalis  (U.S.P,).— (  VaUet^ s  Mast,)     Uied  io  pill  fono. 
Doif  :  0,06  to  0.3  Gtn.  (1  to  5  grains). 

^•^FiluUe  Ferri  Cir^nna/ij   (U.S.P.)   [Fi/u/a   Fern,   B.?.}.—[FfiW</'t 
(C*n/ydeafe]  Pi/h.]     D^te     1  to  2  (5  to  to  Rraim,  B.P). 

ri'fr  official  iron  prcparAtioni  are  by  far  too  numeroui,  and  inany  could 
*ti|Mtued  with. 

Tbe  nio&t  taqwrtant  preparations  are  marked  «*b* 
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Ftrri  Oxidum  HyHratum  (U-S.P.  V— (/""^^  //ydratf.)  Fe,(OH , 
Made  by  precipitating  Ferric  Sulphate  with  Amtnonia.  Used  in  the  pcqw* 
tion  of  other  uilm. 

Pii.  Aloes  ft  Frrri  (U.S.P.,  B.P.). — Dau :  B.P.,  O.25  to  aS  Cm.  (4Ut 
grninai, 

3.  Solid  Soluble  Inorganic  Salts :  > 

Si'Ltraii.TTv :  Don: 

Water.  AIccAol.  Cfama.  Gntt 

Ftrri    Sulphas   (U.S.P.,    B.P.) 

fCoppcms,     Green     Vitriol), 

FeSO, +  7H,0 1.8     loKd.      o.ojtoais      (it)  i 

»%  Ftrri    Sulphas     Kxacfatm 
•^  >     {U.S.P..    B.P.),    FcSO,   (for 

use  iu  pilU)   .    .  0.03  b>  0. 12      >^  10  3 

J-   1  Feni     lAiidum      Sattharatum 

'     (U.S.P.)  7.0        **  0.3    to  1.0         SluiS 

Fi/uJa  Ffrri  Miiii  ( U.  S.  P. )  one  or  !wo 

,%/>rri  LtKtai  (LI.S,P.),  Fe- 

(QH4O,)  +  3H,0  .    ,        .    .  40.0       *•  0.06  to  0.3         llo  J 

FcrritI  Ammmtii  Sulphat  (U-S. 

P)(A.-rii>^/'«OT.).Fe,(NH,|,- 

(SO,Vi- a4U,0     ■  3-0       "         OiiatoOLfi        tioio 

t  Ftrrt  Fhasphui  Sifiuhiiii  (U.S. 

P) ,    Freely.  0061003  I  to  5 

Ftrri  Phoiph.u  {B.V.)    .    .       .  Iiiwl.  0.3    to 0.6         $uiW 

t  Ftrri et  Pvlauii  Tariras  (U.S. 

P.)[/v/'rw/«  TrtrtrdAiOT,  B.F.]  Freely.     '•  0.3     lo  I.o  51*15 

,*^  t  ^'f''*   <■'  Atumimii   Citrtu 

(U.S.P..  B.P.)     .....       "        "  0.06100.3         I»S 

t  Ftrri    et    Awmimii     Tartras 

(L'S.P) "         "  0,3    lo  J.o         5»I5 

"^  Ftrri  Citroj  (V.S.V.)   .    .    .    .Slowly.    '•  O106  lu  0.3  1 1»  5 

■f  Ftrri  ft  Qaiuittit   Citrat  SfUi' 

*//i>  (U.S.P.) "  "  O.I3I00.6  JIDl5_ 

Ftrri  et  QuiniMtt  Cifrat  (U.S.  P. , 

B.P.)  .    .        PkrUy, 

f  Ferri    Pyr^fphospkas    Sfiluhilii 

(U.S.P.)  -Freely.  0.06100.3         i»S 

yvrW //r/o/A"j/'*«  (U.S.P.)     .   Insol.      "  0.3    lo  l.o         S^'S 

♦  Ferrum     Ait'UNtinatum^     5?t 

Fc,0, 1  IJ 

*  Ferrum    AWuminatum     Ptp- 

ttmnatufu,  0.25^  I  15 

^*^  Ferrum  Castinatum,  5'  %  I  'i 

4.  Liquid  Inorgfanic  Iron  Preparations,  Simple  '  : 

Sympiis  Ferri  Midi  (U.S.P..  B.P), 
lot  Felj  ,     0.3    to     J  (J.C       5U>30«H' 

^*  ^rmttura  Ftrri  ChioriJi  {\}.^.^,\^ 
lo'f  of  Fe^G,  (to  be  luftejy  di- 
luted)     0.3  to  4  cc         5  to  60^ 

'Th<i»e  marked  f  are  tcate  pir[taratioii$,  mule  from  Ferric  Citntr.  «f 
adding  the  aptpropriate  reagent  aod  drying  on  glass.  They  have  ao  ■nc(ft>'* 
compcMition. 

'  The  liquid  prepanitionii  of  iron  have  a  very  injurious  effect  upon  llv  in» 
if  brought  in  coniart  with  (hem  Thry  should  iherefocp  be  lilccn  UusK^' 
glass  tube,  and  Ihe  nimitli  nn^ed  thnmiighly. 

*  Not  official. 

The  most  imporunt  prcpaiaifotu  are  marked  ,*^ 
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Dosb: 
Liquor  Ferri  tt  Amm&nii  Acttatis 

(U.S.F.)  {Basham's  Mixture)  .    .       4  to  15  c.c.        I  to  4  drachms. 
^*^Liquor  Ferri  Citratis  (U.S.P.), 

7.5^  Fe  (to  be  largely  diluted)    .    0.3  to  l.o  c.c.        5  to  15  min. 
Liquor  Ferri  Acetatis  (U.S.P.,  B.P.) 

(to  be  largely  diluted)  .       .  0.12  to  0.6  c.c.      2  to  lo  min. 

*  Ferrum  DiafysaiutHf  a  10^  aque- 

ous sc^ution  of  ferric  oxycblorid, 
freed  from  excess  of  HCl  by  dialy- 
sis (to  be  largely  diluted)   ....    o.6to2.oc.c.      10  to  30  min. 
^\F/txir  Ferri  PhoiphatU  (N.F.), 

3.5^  Ferric  Phosphate      ....      2  to  4  c.c         30  to  60  min. 
Liquor  Ferri Perckhridi  (B.P.)  and 

Tlnehtra Ferri Perchhridi {B.V.).      0.3  to  I  c.c.  5  to  15  min. 

(Each   contains    one-fourth   of 
the  stronger  solution.) 
Syrupui  Ferri  Phoiphatij  (B.P.)  (l 

drachm  t=  I  grain)         4  to  8  c.c.         I  to  2  drachms. 

,»,  Vinum  Ferri  Citratis  (U.S.P., 

B.P.) 4  to  15  c.c.       I  to  4  drachms. 

yjHum  Ferri  {fi.V.)       4  to  15  c.c.        I  to  4  drachms. 

Liquid  Inoi^r^iuc  Iron  Preparations,  Compound:  1 

Dosb: 
C.c.      Dracfams. 
Mistura  Ferri  Ccmpetita  (U.S.P.,  B.PJ  {Grijgith'i 
Mixture).     About  0.7^  of  Ferrous  Carbonate  in 

sn^ieimon  in  flavored  water 8  to  15      2  to  4 

Syrupus  Ferri,  Quinina,  et  Strychnina  Phosphatum 
(U.S.P.)  {Easton's  Syrup)  [Syrupus  Ferri  Phos- 
fhatis  cum  Quinina  etStrycnninaifi.'P. )"]  .    ,    .    .    2  to  4       ^  to  I 

Ferric  Phosphate 2^ 

Quinin  Phosphate 3^ 

Strychnin 0.02J6 

•  Elixir  Ferri^  Quinina,  et  Strychnina  Phoiphatum 

(N.F.) 2to4       ^tol 

Ferric  Phosphate '-^5?^ 

Quinin 0.9^ 

Strychoin 0.0275% 

^^Vinum  Ferri  Amarum  (U.S.P.)  (Iron  and  Quinin 

Citrate,  5^,  fUvored  with  orange) 4  to  15       I  to  4 

Syrupus  Hypopkospkiium  cum  Ferro  (U.S.P.)  .    .    .  15  to  30      4  to  8 

Iron  (Chalybeate)  Mineral  Waters. — These  contain  the  iron  most  often 

as  ferric  bicarbonate  ;  sometimes  as  sulphate,  oxid,  and  very  rarely  as 

chlorid. 
Orpuoic  Iron  Preparations. — Only  the  standard  scientific  preparations 

can  be  considered  in  this  connection.     None  are  official.     The  dose  is 

usually  I  Gm. 

(a)  Arttflcial  Preparations :  Percbntagb 

OF  Iron, 
Ferritin  :   Originally  prepared  from  liver,  but  at  pres- 
ent obtained  artificially 7.0 

'  EHzir  Gentian  Onnponnd  is  recommended  when  it  is  desired  to  prescribe 
nple  bitter  with  iron. 

•  Not  official. 

The  most  important  preparations  are  marked  «*«. 
40 
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CR. 
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(b)  From  Blood : 


OF  lUHL 


Hemoglabitt ; 
liemalin ; 


Bolh  could  be  used  advaDTogeoposly  u 
dried  blood,  wilh  and  wiiboul  pre- 
vioiLs  trcatmrnt  wilh  icicU. 
Jfimoh :  ObtHined  by  the    reduction   of  hcmoglobio 

through  zinc  dust  for  by  other  luctals)  , 
Jtemof^aUol :  Obtained  by  prcci|]itAting  blood  by  pyn>- 
gallnl ,    . 

(c)  From  Other  Sources: 

ifetmtto^en  ^Bunge)  :  A  nucleo- prole  id  from  egg  yolk  d) 

Various  other  nucleo-proteids  sre  also  tu«d,  such  as  frrratf^m.  <4>tttBc<l 
by  the  artificial  digestion  of  yeast  grown  od  metlia  containing  iron ;  =  i|l  Fe    . 


VIII.  MANGANESE  AND  CHROMIUM. 

Manganese  and  chiciniium  are  no!  ab^orlwd  in  Htfitcicnl  amounl  1u  lui« 
any  general  ailion.  ihr  phrnonirna  in  poisoning  by  ihe  »o]uble  ulls  (pcraiis- 
ganales.  cbromales,  etc.)  being  entirety  local  \i.  e.,  exerted  upon  iii[e»linc»*rJ 
Iudncy».  This  holds  inie  even  wbeo  the  soluble  preparalioiu  arc  ialrulDCcd 
into  (he  rtrculalion. 

MangtineK  dinxid  is  sometimes  used  eraptrically  as  an  emnKitagn(ue,  of  to 
replace  iron  in  its  other  uses,  but  is  of  very  i:|ucstioituiblc  utility. 

MATERIA  MEDICA. 

SoLniuTV  DoM: 

In  Watkk.         Metric.  Apotbccarto' 

Mitttgoui  D%«xiiium  (U.S. P.), 
MnO, Insol.      ai2tD0.6      atoiognin 

M.iNi,'-iui    Su/ph,u    (U.S. P.), 

M[iS<J,  4- 4H,0      ....         0.8         o.l2toa6       aioiognias 
Potasiit    Permati^iiHat   (U.S. 

P.,  UP.},  KMnO,      ...  l6         0.03100.12     ^lo2gnia> 

*SyrM/>us   Ffrri  «i  Mamgami 

/i>dUii  (H.Y.) 410S         itosdnckv 

^(iiium  CMromieum  (U.S.P., 

B.P.),  CrO,  .    .    .  .    VCTysd.  Only  exienMlly. 

Pvttusii   fiifhromoi   (U.S. P., 

B.P.),  K,CrO, aoo        0.01  to  0.03    j^to^pw 

Uqucr  Acidi Chrom'tci  (B.P.), 

35)( Only  externally. 

IX.  ALUMINIUM. 
The  salts  of  this  mtrtal  have  a  purely  local  action  *l*f 
given  by  the  mouth  ;  they  are  not  at  all  absorbed  from  the 
intact  alimentary  canal.  Kven  very  large  closes  cause  onlf 
a  local  exudative  itiflammation  (hence  vomiting  and  (li*'* 
rhea).  This  i.s  due  tr>  their  precipitating  protdds.  TbcV 
are  therefore  antiseptic  and  astringent.  The  prrdpiUite* 
however,  soluble  in  an  excess  of  protcid.  They  spread  w? 
slowly  even  when  injected  subcutaneou.sly,  and  appear  b> 
penetrate  cells  with  the  greatest  difficulty ;  for  the  s)'nif^ 

•  Not  official. 


NICKEL. 

toms  appear  only  several  days  after  the  injection,  at  a  time 
when  tlie  metal  has  entirely  disappeared  from  the  blood,  and 
has  become  fixed  in  the  cells.  The  symptoms  then  resemble 
those  of  subacute  arsenic-poisoning.  They  never  occur 
when  aluminium  salts  are  given  by  mouth,  no  matter  in 
what  doses,  nor  how  lon^  continued.  Much  stress  is  laid 
by  manufacturers  of  bakin^^  powders  upon  the  injurious 
eflccts  of  alum.  It  is  evident  that  these  must  be  purely 
local  on  the  alimentary  canal.  It  can  scarcely  be  doubted 
that  the  continued  administration  of  even  small  doses  has 
deleterious  effects.  The  quantities  which  may  be  dissolved 
from  aluminium  cooking  vessels,  even  by  dilute  acids,  are 
too  snjall  to  be  of  any  importance. 

MATERIA   MEDICA. 

SoLinni-iTV  DosK : 

IN  Watex.        Metric.        AtKiihccaries'. 
^♦.^yW««f    (U.S.P..    B.P.},    Mum. 

AI,K-(S0.),-ha4H,0.  (For ex- 

teftufuse  Me  gargles,  injections. 

e^'e-WKlcn,  etc..   2%;  for  lon-sil- 

litis,  20%  glyceriteks  mini)    .   .        9  0.03  to  3>o  5io3ogniDS, 

A/umfH  Extiifaium(\J.S.V.),   Bwnt 

Alum,       (Alum  from  wluch  the 

w«ler  nf  cryMftlUmlion  has  been 

expelled  l>y  roftsting.  1     Used  lo- 
cally in  powder  fomi  u  styptic    .      30 
Alumwi  llyslrai  (VS.P.l,  AI,(OH),. 

By  precipitating  alom  with  Na,- 

CO, Insol.        0.06  10  0.6    1  to  10  grains. 

Alummi  Sulf^has  (U.S.P.),  AI,(SO,),         i.a 
W/«'MMif/(Beta-naphthn1-dimlfonBte  of 

aluminium ).       Antisepltc    asltin- 

gi^nt :   1  %  to  5  %  a^I-  -button,  or 

as  dusting' powder  (mixed  with  5 

to  10  paru  starch  or  talcum )    .    . 
GlyterinuM  AlHminis  {^.T.\,  10%     . 

X.  COBALT  AND  NICKEL. 

These  nietaU  tire  only  absorbed  when  given  in  wrongest  solutions  or  when 
long  continued.  The  local  BCliun  is  that  of  metaU  in  general,  witli  uotbiing 
particularly  characteristic.  Nickel  salts  hare  been  um<1  as  emetics,  but  are  not 
to  be  recommended. 

When  introduced  into  the  circuktiun  they  aflect  the  central  nervous  system 
directly,  in  addition  to  the  u^ual  mrtal  action  on  capillaries,  heart,  and  kid- 
ney*. There  are  tremors,  chorea,  and  convuliaons,  followed  by  pareKi-i.  In 
(rc^«  the  medulla  is  stiniulnled  befure  the  spinul  cord. 

The  urine  is  incretued,  and  always  contains  iiugar,  often  proteids.  Coba.tt 
lalt*  act  a«  aniidnles  to  HCN  poisonmg.  ihrongh  ihe  fnnnnlinn  of  cobalt- 
cyanidi.  To  be  effective  they  must  be  iiilr^Kiuced  s-ubcuianeously  in  doses 
whidi  are  not  devoid  of  danger.     It  is  ihrrrfore  not  to  he  uiied  in  man. 

The  mo^l  important  preparations  are  marked  ^^ 
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"AVrivA'^nNwyMiiv.— Freely  soluble.  Am/.'  ai3  to  0.53  Gn.  {i  toS 
grum). 

XI.  SILVER. 

This  metal  ts  absorbed  in  extremely  small  amount,  and  is 
reduced  to  the  inactive  metallic  state  us  soun  a^  it  enters 
tlic  body.  For  this  reason  it  can  never  lead  to  gatcnl 
poisoning,  and  the  only  evidence  of  its  at>sorption  lies  in  i 
dark  discoloration  (argyrism)  of  the  skin  and  certain  atu- 
adons,  afler  its  prolonged  administration.  This  is  due  to 
the  deposition  of  metallic  silver  in  the  connective  tissue  of 
tlie  corium,  the  sweat  glands,  in  smooth  muscle,  villi  of  in- 
testine, etc.      It  is  not  seen  in  most  animals. 

If  the  silver  is  introduced  into  the  circulation  its  efiecti 
differ  from  those  of  other  metals  in  the  predominance  of 
nervous  symptoms.  These  are  central  and  mainly  paral- 
ytic. There  is  motor  paralysis  beginning  in  the  hind  leg\ 
depression  of  the  respiratory  center  with  asphyxial  convul- 
sions,  stimulation  of  the  vasoconstrictor  center,  foltou'cd  b\' 
paralysis,  etc.  The  secretion  of  bronchial  mucus  is  » 
greatly  increased  that  it  niny  lead  to  asphyxia.  This  il 
probably  due  to  injury  to  the  epithelium. 

The  therapeutic  employment  of  silver  in  insanit>'.  etc.,  is  J 
sun'ival  of  the  fantastic  teaching  of  the  middle  ages,  when 
it  was  based  on  its  dedication  to  the  moon,  and  the  sup- 
posed connection  of  the  latter  with  lunacy.  Although  it  is 
absolutely  proved  that  silver  cannot  be  absorbed  in  amuunts 
sufficient  to  have  any  action  whatsoever,  it  has  been  tnoi 
again  and  again  against  all  forms  of  nen'ous  disease,  uitfc 
uniformly  negative  results.  The  indications  for  it  arc  purdy 
local. 

MATERIA    XtEDICA. 
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1 
( 


^*^AtxnUi  NUrat   (U.S. P..    aP.l, 
Si/ver  A^ifrafe  (LunEr  Causlic), 

AgNO^ 

If  ^ivcD  iiilernaJly,  it  jm  best  made 
iiilu  pills  with  clay  and  V4ae- 
liii. 
Extvnully  ia  \%  to  2%  aolotioo. 
{Sec  eye-wntera,  in)ection»,  ul- 
cers, etc. ) 


SOU'IIUTV 

IN  Water. 


•No!  officinl. 

The  auMt  important  prepantiDni  are  OMiritcd  «%. 
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Argtnti  Kitrat  fntturatta  ( B .  P. ) . 
Contains  S'Ji  of  KNO,  and  fused 
into  rods 

Argenti  Xi/ras Di/ufus  (U.S.P.)M^. 
A'j/r.  MitigtUm,  B.F.]  {.\fittpjUii 
Cauitu).  Made  by  fusing  j  pAits 
AgNO.  aud  6  jmrls  KNO,. 

••••^'y*""  vV»raj  Awjwj  (U.S. P.) 
(Lunar  Caiulic  in  iticksj.  Con- 
tains a  imall  quaolity  of  clilorid. 

Arc^H/i  Oxidum,  Ag,0  ( U.S. P. .  B. P. ) 

ArgfHti  iitdUHm,  Agl  (U.S. P.) 
A  large  immlH-r  of  pali^nlcd  or- 
ganic silver  prppnntiun*  have 
appeared  on  ihe  marki^t.  Tlidr 
oned  IB  to  diminish  ibi*  caiuttk 
cf^t  whilst  retaining  the  as- 
tringent and  antiseptic  actioa. 

Ar^tnin.  A  casHn  compuuiid  con- 
Uiuing4^  Ag.  Used  ns urethral 
injccUon  in  Miluliuus  uf  1  to 
7:1000.  Siiid  tu  be  nne-tweiitieth 
tu  irritant  as  the  nitrate    .... 


Sot-t-'aiuTv 
i»  W*TBa. 


OotK: 
Metric.       Apoiliecariea'. 


1d9oL      0.03    too.l3  ^tosgrains. 
IdsoL.      0.015  1°  ^-^  )i  ^  I  grain. 


y 


Soluble 
with  licaL 


Xri.  GOLD  AND  PLATINUM. 

Gold  and  platinum  are  ^11  mure  easily  reduced  tu  the  metallic  state  cluw 
U  silver,  and  are  tlicrcfure  devoid  of  general  action  when  taken  by  the  mouth. 
When  injected  into  the  circulation  they  produce  an  arsenic  action.  They 
shoald  have  no  place  in  rational  therapeutics. 

MATERIA   MEDICA. 
Auri  tt  Sodii  Ckicridum  (U.S. P.). — Dete  :  0.003  to  0.006  Gm.(^  to  ^ 
grain). 

*  Liq.  Auri  H  Arienii  Bromiiii  (N.F.), — Do%t :  0.06  to  0.5  c.c.  (l  to  8 
minims). 

Cold  Tribromid 0.325% 

Ataeaic  Tribrotnid 0.65^ 

XIII.  TIN. 

Tfais  metal  U  absorbed  in  part  eveu  froin  non  corrosive  preparatiotu.  But 
poitoning  is  very  rare,  the  metal  nut  pa&iiin^  very  easily  into  twuublc  forto,  and 
naving  no  pronounced  tendency  to  rumulaiive  action.  The  symptnms  on  in- 
jection derolve  tf>  some  extent  on  the  central  nervous  sy.tteni.  as  slimulntion 
and  rabaequent  (taralysik.      The  arsenic  aclioii   and  paresis  of  heart  arc  also 

Eroniinent.      With  more  chroric  poi-ioning  tlie  gastro  enlerilis  is  most  tnnrlkc^d, 
ut  there  is  also  an   ataxia  ami  oioior  paralysis,   rcwmbiing  chronic   lead- 
poisonlog. 

XIV.  VANADIUM  AND  CERIUM. 

These  have  the  usual  metal  action,  the  cardiac  symptoms  predominating. 
Vanadium,  in  the  forrn  of  vanadate  of  lithiatn^  has  rcccolly  been  reooM- 

•  Not  official. 

The  iDoal  important  preparations  are  marked  ,%. 
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mrml^  in  Hiabetea,  i(  being  claimed  thai  rl  redaces  tht  sufjar  to  one>lulf.  Il 
baji  also  been  used  as  an  alterative,  similar  to  arsenic,  which  ii  doaeljr  rem- 
bles  in  its  aclimu. 

Cerium  mcalaie  and  nitrate  are  ased  as  sntlemetict. 

Neither  has  any  phoTTnacologic  basis,  and  the  clinical  results  are  not  «a; 
decisive. 

MATERIA   MEDICA. 

Cent  Oxalas  [U.S.P).— Insoluble  white  powder.     Dm^  :  ao6  to  a5  Go. 
(l  to  8  groins). 

*  Lithii  I'anadas. — Dose:  0.004. '°  0-O05  Cm.  per  day  (jl^  gntio). 


I 


XV.  COPPER.  ZINC,  AND  CADMIUM. 

These  metals  are  closely  related  in  their  action.  Given 
by  ttic  mouth,  copper  and  zinc  salts  liave  a  rather  spcdnc 
irritant  action,  affecting  at  first  exclusively  the  nerve  struc- 
tures which  form  the  starting-point  of  the  vomiting  reflex. 
]n  consequence,  vomiting  occurs  before  there  is  time  for 
corrosion,  and  even  ver>'  large  doses  present  no  danger 
Nor  is  there  any  danger  of  chronic  poisoning.  Tin's  is  d 
some  impcrtance  on  account  of  the  use  of  copper  to  give* 
green  color  to  preserved  vcgt-fahics.  These  contain  o.JOto 
0.50  mg.  of  Cu  per  kilogram.  It  is,  of  course,  conceivable 
that  copper  salts  may  become  deleterious  through  their  con* 
tinucd  local  action,  but  the  quantities  introduced  »"ith  tbcK 
vegetables  may  be  aflfirmed  to  have  no  such  effects. 

The  local  irritation  by  Cu  and  Zii  causes  tliese  to  be  u«d 
as  emetics  (see  p.  329).  The  nausea  is  too  short  to  alloir 
of  their  use  as  expectorants. 

If  introduced  into  the  circulation  they  cause  death  throt^ 
paralysis  of  the  cardiac  muscle.  Tliey  also  afiect  tlie  cen- 
tral nervous  system,  probably  directly,  especially  Zinc  and 
Cadmium.  The  effects  are  mainly  paralytic.  The  bnunu  , 
affected  first. — ;'.  e.,  consciousness  is  lost. — but  the  nwior  | 
areas  are  not  involved.  The  blood  pressure  falls  rajwfly. 
but  this  is  mainly  due  to  the  cardiac  depression. 

Copper   depresses  the  excised   skeletal    muscles,  whil* 
Cadmium  (and  probably  Zinc)  has  little  action  upon  thoa 

Zinc  Oxid  has  been  used  tfterapcutically  against  cptlep^ 
Its  usefulness  is  doubtful,  but  not  disproved 

MATERIA  MEDICA. 
41%  Cm^  Su/fikaj  (U.S.P  .  B.P.).— (5/w-*  nmW,  Btmfittmr.) 
5H,0.     bolable  in  3.6water.     Dost:  As  astringeni,  0.008  mo  oj  C'>i 
cnetic,  0.12  to  1.2  Gm.  {\i  10  %  grain).     Local :   %%  to  \Qjk  1 

•  Not  official. 

The  most  important  ptvpantioos  ore  marked  ,V 
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,\2mn-  Suipkat  (U.S.P.,  B.P.).—[  »'*.>?  VUnoK)  ZoSO^  +  7H,0. 
Dttf:  Emelic.  0.6  to  2  Cm.  (lo  to  30  grains).     Local. 

.*,  Zin.i  SnlpkiKarMas  (U.S, P. ,  B.  P. ).— Zn(C,H,SO,},  +  H,0.  Finely 
lotubic      l.ocal. 

ZiVi  ChhriJum  (U.S.  p. .  B.  p. ).— ZnCI,.     Local. 

Litju^r  Zinci  CMaridi  fU.S.P.,  BP.J— 50%.     Ixxail. 

Zinri  Carhanas  Pranpttaim  { U.  S.  P. )  —Insoluble.      Lociil. 

,*,  ZttKi  Ostium  (U.S  P.,  B.P.).~ZnO.     lusoluble.    I}f.'tt :  O,o6  to  O.03 
Gfa.  (I  to  5  f^n»). 
LoQilly  as  duMiiig-powder  nnd  in  ointments : 

♦*»  tM^^HlNtH  /inti  Oxiiium  (I'.S.P.).— 20^'5  (with  Lord), 

•*•  i^S^ftfum  Zinci  jB.P.).— 155^  of  oxkL 

O&mhtmZtmn  Oxidi  \\i.•&.V.).S^• 

h\\\,   MERCURY. 
I.  ACTION. 
jy,  unlike  the  other  metals,  has  a  strong  specific 

toxic  action  on  froloplasm.  It  is  poi.sonous  not  only  to  the 
higher  plants  and  animals,  but  al.so  to  lower  organi.sms,  and 
enjoys  yreat  j^emiicidal  power.  It  owes  this  toxicity  to  a 
great  affinity  for  nitrogenous  molecules. 

I.  Absorption. — The  albuminates  which  arc  formed  in 
this  manner  arc  quite  soluble  under  the  conditions  of  the 
body — /'.  t\,  if  a  certain  amount  of  sodium  chlorid  and  of 
alkalinit}'  exists.  In  consequence,  it  is  readily  absorbtd  and 
transported,  diHTering  very  conspicuously  from  other  metals 
in  this  respect  Further,  whilst  most  metals  are  almost 
innocuous  in  the  free  state,  int'taUk  meriury  is  fairly  toxic  ; 
its  distribution  and  absorption  are  favored  by  the  fact  that 

if  is  liquid  and  volatile  and  o.xidizcs  very  readily. 

■    The  mercurj'  compounds  are  absorbed  from  all  surfaces. 

^X>n  this  rest  the  mercurial  treatments  by  fumigation  and 
inhalation.  Many  cases  of  mercur\--poisnning  have  also 
occurred  from  flushing  out  large  cavities  with  mercuric 
solutions.  The  absorption  from  serous  surfaces  is  very 
rapid. 

3.  The  excretion  of  mercury  occurs  to  some  extent  by 
the  urine,  but  mainly  by  the  intestine ;  also  to  some  degree 
by  saliva,  sweat,  and  tnilk.  The  excretion  by  the  kidneys 
begins  in  about  two  hours  after  the  administration,  but  it 
lasts  for  a  long  time,  and  may  be  demonstrated  as  late  as 
six  months  after  the  administration  has  been  entirely 
stopped. 

With  small  amounts  tliis  excretion  causes  no  pathologic 

The  mod  tmportftnt  prej»r«tioni  are  marked  ^•,. 
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changes  in  the  kidneys;  but  if  long  continued  it  ^ves  rise 
to  interstitial  and  glonicrular  nepliritis.  Large  amounts,  on 
the  other  liand,  occasion  a  paiencliymatous  nephritis  with 
glycosuria.  The  relative  quantity'  of  mercury  excreted  by 
tliis  channel  is  increa:^ed  by  the  inflammator>'  changes. 

Pattttnum  itniiii  is  .said  In  favor  ihe  rxcretion,  jusi  u  ia  tb«  caie  of  iMi 
but  there  U  not  much  positive  evidence  on  this  point. 

3.  Fate  in  Body. — Whilst  the  elimination  of  mcrciir>*  is 
a  slow  process,  it  disappears  quite  rapidly  from  the  blood, 
being  hxed  in  the  tissues. 

It>i  tliAtribulion  is  mach  ih^  same  as  thai  oS  lead.     It  is  found 
the  kidneys,  to  a  Ic^s  tfxtent  in  the  tivcr,  and  rre<juently  in  the  inte»tit>al 
^Mien  token  as  vapor  it  is  nl«o  found  in  tlie  lungt.      In  other  orgam  itf 
only  in  acvte  pniMining.      It  [>n^sp<>  through  the  placenta  only  when  gi 
v«7  lar^  do*e»,  probably  aftrt  injuring  (he  veMcIs,     The  inercnTy  wfii* 
bcL*n  stored  is  quite  fimily  Axcti  In  the  non-digestible  nuclcin  rciidoe,  6iiaia| 
the  view  that  it  is  tle^Kituted  in  t)ie  nuclei. 

ir.  TOXICOLOGY. 

1.  Etiology. — The  chances  for  accidental  chronk  poi- 
sonitig  with  mercury  are  not  nearly  so  great  as  with  lead 
since  the  metal  is  much  less  widely  used  in  the  arts.  On 
the  other  hand,  it  adheres  more  persistently  to  the  skin, 
and  is  more  readily  absorbed  and  more  toxic,  so  that  1 
much  less  number  of  those  exposed  escape  |>oisoning.  The 
most  frequent  cause  of  mercury- poisoning  was  formerly  tflc 
excessive  and  injudicious  medicinal  use  of  this  metal. 

The  mercury  existiiiK  in  the  amalpam  w*ed  for  fitting  teeth  seenu 
firmly  combiticd  llial  it  does  not  caus*  poisoning. 

When  injected  directly  into  ihe  blood- vc^ucls  the  orgaaic  (noo-ico) 
preparations  act  more  violently  than  the  inorganic.  Althuugh  mcfcttf^.  t^ 
other  metals,  dock  nnt  act  nntil  il  hu  been  cooverttd  into  job  fdni,  ^ 
organic  compoiindt  are  distributed  more  quickly  liuoiigfacHtl  the  body  *oA  m 
readily  decomposed. 

2.  Actions  in  Acute  Poisoning. — (a)  The  f^tnomm 
of  the  gcncrai  poisoning  by  intriti'^HOUs  injection  consist  io  * 
very  marked  fall  of  blood  presattre,  due  to  a  direct  parahT- 
ing  action  on  both  the  heart  and  the  blood-vessels.  TIk 
former  involves  both  ganglia  and  muscle. 

(b)  Mercuf}',  however  taken,  has  comparatively  totk 
effect  on  the  central  nervous  system,  especially  in  acute 
poisoning,  the  only  s\inplonis  which  are  noticed  being  stc- 
ondary  to  the  fall  of  blood  pressure.  Consci&umtss  is  as*- 
ally  preserved  to  the  end.     In  chronic  mercury -poisonif^ 
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there  is  sometimes  a  noticeable  tremor — tremor  mfrcuruilis. 
This  is  probably  central  in  origin  ;  as  also  a  heightened  psy- 
chic irritability,  often  seen — the  so-called  ercthismtts.  Some- 
times, however,  there  is  instead  a  tiuUtng  of  the  faculties. 
Mercury,  like  lead,  may  also  produce  penpiu'rai  mmitis, 
but  much  later  than  in  the  case  of  lead- poisoning. 

(c)  Local  Action. — llic  general  effects  arc  largely  over- 
shad<]wed  by  the  symptoms  arising  from  the  local  action, 
which  consists  of  a  cliemic  irritation  or  corrosion  : 

1.  These  are  most  prominent  in  the  ahmentarj*  canal, 
even  when  mcrcur>*  has  been  given  by  any  otJicr  channel — ■ 
by  inhalation  or  by  hypodermic  or  intravenous  injection. 

Tbcy  may  be  due  in  part  to  the  paralyus  of  the  capilliirics,  but  arc  nuinly 
doc  to  direct  cbemic  coimsion,  since  the  metal  is  largely  excreted  thrxnigb  this 
chuuKl. 

The  result  is  a  peculiar  gastro-enteritis.  It  begins  in  the 
upper  portion  of  the  alimentary  canal.  There  is  an  early 
stomatitis  leading  to  ulceration,  and  this  may  extend  so 
deep  as  to  affect  the  bones,  producing  necrosis  of  tftf  jftw. 
Increased  salivation  is  a  proniincnt  symptom.  It  is  prob- 
ably due  to  the  excretion  of  the  mercury  through  the  sali- 
vary glands. 

The  gastro-enteritis  is.  however,  most  violent  in  the  lower 
portions  of  the  intestine,  and  the  symptoms  bear  a  close  re- 
semblance to  those  of  iiysentcry.  The  anatomic  lesions — ■ 
ulceration  of  cecum — are  also  similar. 

2.  The  excretion  of  mercury  through  the  skin  produces 
various  skin  diseases;  the  excretion  through  the  kidneys, 
as  has  been  said,  nephritis.  There  is  frequently  ^formation 
of  liiHe  erystiils  in  the  lumen  nf  the  tubules  and  possibly 
in  the  cells  themselves.  No  explanation  for  this  can  be 
given. 

3.  Cotirse  of  Poisoning. — The/rf/a/  dose  is  0.18  Gm. 
Death  may  take  place  inside  of  half  an  hour,  from  collapse. 
More  usually,  however,  the  ss-mptoms  last  several  days ; 
and  death  takes  place  from  the  lesions  of  the  intestinal 
canal. 

The  acute  poisoning  may  pass  into  the  chronic  form — i.  /.,  a  lingle  doM 
may  be  capable  of  producing  chronic  intrrvury-puisoniug — aincc  the  tnerctuy  n 
excreted  with  such  ritreme  slowness, 

4.  Treatment. — 'Y\\c  treatment  of  acute  mercury-poisoning 
will  ordinarily  be  directed  against  the  gastro-enteritis.  The 
object  will  be  to  prevent  the  poison  from  coming  in  contact 
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with  the  cells  of  the  intestine,  and  also  to  convert  it  into  a 
less  irritant  fonn.  Since  the  corrosive  and  irritant  action  is 
due  to  its  combining  with  nitrogenous  materia!,  it  can  be 
much  lessened  by  the  artificial  introduction  of  such  material. 
The  ordinarj'  antidotes  arc  whiU  of  t'j^g  and  milk,  which 
fuinil  all  these  indications.  The  resulting  compounds  must 
of  course  be  promptly  removed  by  emetics  or  lavage,  else 
they  will  be  absorbed  and  produce  general  poisoning.  One 
must  be  cautious  not  to  introduce  any  common  salt  into  tJic 
stontach  as  long  as  mercury  is  present;  for  this  would  in- 
crease the  solubility  of  the  latter. 


ni.  CHRONIC  MERCLRY-POlSOMNf;. 

(a)  Chronic  mercury-poisoning  affects  metabolism  pro- 
foundly, producing  cachexia.  There  are  also  fattjf  dcgtftf' 
rations  fyi  the  various  organs,  as  in  the  case  of  arsenic  or 
lead-poisoning.  An  occasional  consequence  of  me^cur5^ 
poisoning  is  duibetts.  On  tlie  other  hand,  mercury  is  some- 
times  beneficial  in  diabetes  if  tins  is  of  syphilitic  origin. 

Tlie  chemic  study  of  these  metabolic  effects  is  very  incon- 
clusive and  difficult,  on  account  of  the  extensive  action  of 
mercury  on  tlie  alimentary  canal  and  upon  the  kidneys. 

lb)  It  hu  brrn  claimed  Ihat  mtrcury  produces  a  rarefaction  of  booe. 
ThU  is  nndoubwdly  found  in  a  em\  many  cn<<fi  o(  chmiiir  mrix'ury  itnivwii^ 
but  ho  far  it  has  not  bcvii  possible  tu  exctude  ^yphi)i«  as  ibc  cause  ot  tke  tait- 
fyin)(  ii-il^ili*.  I(  is  quite  cnncrivablc,  however,  that  mrtcury  has  mA  a 
action  ;  for  th«  aniniint  nr  lactic  arid  in  the  blood  is  markedly  incre««ril  bf  il> 
and  tbis  might  vfTect  liotuliun  uf  the  Htoe  salts. 

(c)  It  was  formerly  claimed  that  mercur)'  |>osscssed  a 
marked  ckoiagogue  action.  But  it  has  been  demonstrattrd  on 
biliary  fistuhe  that  the  flow  of  bile  is  not  increased. 

Thr  greet)  color  of  the  sterols,  on  whii'h  thi^  belief  was  based,  if  cxpban 
by  the  rcssciiing  of  the  imtrcfiictive  chmiKCs  which  aic  rcspomible  fcr  tlK 
conversion  of  the  grecti  bile  pigments  into  tnoK  of  the  feces. 

(d)  Very  small  doses  of  mercury  may  have  the  sanK 
benefiaai  effect  upon  metabofism  as  small  doses  of  aRcnic 
and  probably  act  in  much  the  same  maimer.  The  padoit 
may  increase  in  weight,  and  the  number  of  red  blood-cof- 
puscles  may  rise,  etc. 

(e)  The  treatment  of  chronic  mercury-poisoning  is  d* 
same  as  that  of  all  chronic  metal-pt)isonmg,  the  obi«* 
being  to  favor  the  elimination  of  tlie  metal  by  all  possilrl^ 
channels. 


CHRONIC    POISONING. THERAPEUTICS. 


635 


I 

I 

I 
I 

I 

I 


As  hu  been  said,  it  i&  claimed  that  potassium  iodid  hastens  this  ctinuiiiUion, 
aod  this  has  iiol  bc«D  dt».prored.  Hygit^ne  is  uf  great  importance.  For  the 
Uitmatilis  and  salivation  cl«anl)n>css  of  the  month  and  washing  with  alum  or 
poussium  chlorate  are  very  eKcieot.  The  propliylaxis  in  ^ciories  where 
mercuz;  is  employed  is  the  same  an  in  the  cue  of  lead. 

IV.    THERAPEUTICS. 

I,  The  use  of  mercury  in  syphilis  rests  entirely  upon  an 
empirical  basis. 

\Vc  do  oot  even  know  whether  iu  action  is  due  In  specific  toxicity  for  the 
virus  of  syphilis  or  whctlier  it  is  due  simply  to  the  general  effects  upoo  metm- 
bolian.     The  former  seems  to  be  the  case. 

Although  the  usefulness  of  mercury  in  syphilitic  disorders 
had  up  to  recent  years  been  a  subject  for  much  animated 
discussion,  there  appL'ars  to  be  at  prcsejit  no  reason  to  doubt 
that  it  is  not  only  palliative,  but  curative,  in  tlie  secondary 
stage  of  syphilis,  congenital  as  well  as  acquired;  whilst  it  is 
useless  in  the  first  and  third  stages. 

The  5rst  stage  is  bcsi  treated  expectantly,  the  thiid  with  iodids.  (See  p. 
563.)  The  other  fonu&  of  treatment — sweating,  ilici,  other  nirlals  (gold, 
etc),  sutphur-baths,  and  the  various  vegetable  anttsyphi lilies — either  act  by 
supporting  the  mercury  or  have  been  discarded  entirely. 

The  mercurial  treatment  ofters  the  greatest  chances  of 
success  if  it  is  di'^tt/i  early  in  the  disease.  In  order  to  be 
of  any  permanent  benefit  it  must  be  continued  for  a  con- 
siderable time — several  years  —  long  after  the  symptoms 
have  entirely  disappeared.  When  used  in  this  way  there 
can  be  no  doubt  but  that  it  frequently  effects  a  permanent 
cure.  The  dose  should  never  be  kept  at  a  point  which 
would  cause  local  synijitoms. 

3.  Tiie  best  method  ol  administration,  by  the  stomach, 
is  to  begin  with  small  do.scs — pirl).i[>s  onL--tliird  of  the  full 
dose — and  increase  these  gradually — ^say  \offj  every  day — 
until  the  first  tenderness  of  the  gums  appears.  The  dose 
should  then  be  cut  down  to  half  of  that  taken  at  this  time 
and  continued  without  further  change. 

The  prolonged  admini.stration  of  mercury  oflers  serious 
difficulties  on  account  of  its  irritant  action.  Given  by 
mot]th  it  is  vcrj*  apt  to  produce  a  gastro-enteritis.  much 
more  easily  than  when  it  it  is  given  by  other  channels. 
Since  the  irritation  is  due  to  its  combination  with  the  cell- 
proteids,  this  may  be  largely  avoided  by  administering  it  in 
the  form  of  proteid  compounds — the  albuminate  or  pepto- 
natc.     The  iodids  possess  some  advantage  over  the  chlorids 
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in  that  they  are  more  easily  decomposed  in  ihe  body. 
Whatever  form  is  given,  the  patient  should  be  placed  upon 
an  easily  digested  but  nutritious  diet  The  state  of  the 
bowels  should  be  carefully  attendt-d  to.  The  mercur).'may 
also  be  introduced  by  other  channels,  but  all  jiave  draw- 
backs. 

Til?  intramuintlar  injerlioH  \%  extremely  pftiiifut  ftn<1  may  ciuie  Ktougfamg. 
The  jMiin  is  less  if  wdiuro  chlorid  is  ftdded  to  ihr  mcrcurtc  chlorid.  It  tray 
also  be  ditn'mtstied  by  u^ing  iion-tnitAiu  combinations — the  peptaiuie  or  albu- 
minsle  dt«w>1ve<]  by  the  aid  of  sodium  CArboiintc  or  chlurid  ;  or  mcicuric  bcn- 
toate  with  sodium  lienzoate. 

Fur  tnuiictioH,  the  nwrcory,  usually  iti  tbe  form  of  a  salve,  is  rubbed  m/i-  the 
skin — not  snit^tred  over  it.  A  piece  of  the  ointtueitl  i»  rul>l>ed  iniu  Ihe  Mirfaoe 
of  the  skin  until  the  mercury  has  diwppeared.  A  new  surface  is  takeo  each 
day.  the  round  of  the  budy  being  loade  in  abuat  &ix  days.  The  blue  tah*  a 
the  most  p<i[>ular  pieparatiuii.  The  oHiciiutl  article  may  be  iniiirovetj  uixiaby 
more  thnroii)>Ii  emuUification  with  soups,  The  abMrption  of  the  otDtment,  as 
well  us  of  the  vajxir  in  fumiKAtton,  can  be  rendered  much  mare  cf&ctcai  by 
preceding  it  by  a  ihorotigh  diaphoresis.  It  is  quite  immaletial  whelbrr  ibis  be 
attained  by  teas,  hy  hot  bnth-i,  medicated  or  not,  or  by  olher  meana.  For 
/umi^ativn  a  gram  of  citloinel  is  volatilized  over  an  alcohol  lamp  in  a  doaed 
chamber  completely  '(urrt>unding  tbe  patient,  with  the  exceptioD  of  Cbe  I 
A  nit^r  or  other  blanket  annwers  the  purpose  very  well.  The  imA 
obsolete. 


<  in  a  doaed 
f  cbeba^ 


3.  Contraindications. — Mercury  preparations  are  conira- 
indicatcd  whenever  there  is  cachexia  or  any  chronic  disease 
in  which  the  resistance  of  the  body  is  lowered  :  for  chronic 
poisoning  is  then  induced  very  easily.  Nor  should  it  be 
employed  when  there  is  nephritis,  nor  after  the  sixth  month 
of  pregnancy.  Mercur>'  ha.s  a  somewhat  deleterious  effect 
on  the  course  of  pregnancy  and  upon  the  child, 

4.  0\  Other  actions  the  diurisis,  caused  by  mild  irrita- 
tion from  smalt  doses,  is  used  especially  in  heart  disease. 
The  therapeutic  uses  resting  upon  its  other  local  effects  arc 
discussed  elsewhere.  (Anti.septic,  p.  376  ;  Parasiticide,  Chap. 
XXIX.  G ;  Intestinal,  Chap.  XXX.  D  and  E.) 
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t.  Metallic  Mercury: 

Hydrargyrum  cum  Crtta 
(U.S.P..  n  P.K— (Mer- 
cury with  Chalk— Xiray 
Powder.)— jS^t  Hg.  . 
^^  Maua  /iyUrareyri 
(t'.SP,)-33;{Hg.^ 
Blue  Afajs,  Blue  Pill . 
FxiulaHydrargyri  ( B.P. ). 


Mciric 


Do«b: 


ApoUwcancs'. 


Insoluble.    ao3  to  o.  6  Gm.     %  10  10  gnuw. 


0.03  to  I  Gm, 
0.03  to  1  Gm. 


Hto»5l 


Tbe  most  importani  prepaiatioos  are  marked  ^'^ 


MATERIA    HEDICA. 


637 


Almost 
insoluble. 


SOLimUTV, 

^%  IMgiuntum  Hydrar- 
gyri  (U.S.P.,  B.P.).— 
50%  Hg.  Blue  Oini' 
meni^  Mercuxud  Oint- 
ment 

MercuTouB  Salts: 
^\Hydrargyri  CHiorid- 

urn  MUe{\J.S.?.)\  Hy- 
drargyrum    Subenlor- 

idum,  B.P.I.  — (Gi/tf- 

w^/.)--HgXl^      This 

enters  into  ril.  Cathar- 

ticae  Comp.   and    Fil. 

Antimonii  Comp. 
^^Hydrargyri  ledidutn 

Flmmm     (U.S.P.}.— 

(Protraodid     of     Mer- 

ci^y)— tlg.lr     •  •  - 
Lotto  N^a  (N.F.,B.P. ). 

— (Black  Wash. )— 7.5 
Gm.  Hg,Cl,  to  I  liter 
lime-water. 

Mercuric  Salts: 

Hydrargyri \ 
Oxidutn  Rub- 
rum  (U.S.  P., 
BP.). 

Hydrargyri  1 
Oxidutn  Fla- 

M<«(U.S.P., 

B.P.). 

Ungutntum  Ify- 
drarg.     Oxid, 
Ruir.— {10%    U. 
S.P.)  (10%  B.P.) 
Ungutntum  Hy- 
drarg.     Oxid, 
Flav.—(y>%    U. 
S.P.).(io*fe  B.P.) 
OUaiuni  Hydrargyri 
(U.SP)[A></rar. 
gyri  Oleas,  B.P.] 
(a^B.P.)— 20%. 
Emplostrum       Hy- 
drargyri {\3.S.Y.^ 
B.P.).  — 1.2^  of 
Oleate. 
^*^  Hydrargyri  Ckloridum 
Corrosivum     (U.  S.  P.) 
[^Hydrargyrum      Per- 
ehioridum,      B.P.].— 
Biehlorid  of  Mercury. 
—Corrosive  Subiimate.    16  parts 
— HgCL|.     Mainly  for   (3  parts 
load  use.  alcohol). 


Metric. 


Dosb: 


Apothecarie 


Insoluble.  0.006  to  0.6  Gm.  ^toiognuu. 


0.01  to  0.06  Gm.  ^  to  I  grain. 


HgO. 


Almost 
insoluble. 


0.015  to  0.06  Gm.  %  Uit  grain. 


0.001  to  0.006  Gm.  ^  to  ^  gndn. 


The  most  impcHtant  preparations  are  marked  ^'i^. 


638 


MERCURY. 


CH.  xxni 


SOLUBIUTV. 


Hydrargymm  Ammom- 
atum  (U  SP..  U.P). 
—{While  Precipitate.) 
— NH.Hga. 

UngueHtum  Hy- 
drarg.  Ammon, — 
\o%  (L.5.P.,  B. 
P.). 

Liquor  liydrargyri  Per- 
eMUriJi  (B.P.).  —  I 
dncliiii  ^=  -^  gnuo  .    . 

Lotio  Flava  (N.F. )  (B. 
Y.Y—YflUfW  IVaxk.— 
3  ports  HgCI,  in  looo 
Lime-water. 

Jiydrargyrt  le  il  idu  m 
JiMi>rum  (U.S.?..  B. 
P.).  — Hgl,.  Freely 
lolubic  in  Kl    .    .    .    . 

Li^MT  Antm  ft  IlyJrar- 
^Ti'  /m'i.//(U.S.P.,  B. 
P.). — Donovan's  sola- 
lion,  1%  of  Mcli     .    . 

IJqHor  t/ydrargyri  Ni- 
/ra/ii(U.S.P..B.P.).— 
bo%  HgtNO,),.  Oiui. 
tic. 

^•,  C^gucHtum  I/yJrar- 
Xyri  Xitratii  (U.S.P., 
B,P.).— (Cilrinc  Oinl- 
nieiiU) — Init&nt. 

Hydrar^ri  CvmUum 
(U.S.P.)— Hg(CN),  , 

ffydrargyn      Stti'iu/fi/itiJ 

//W'i«iu.s.p.)(r*(r. 

petA  Afinera/.)~Ug- 
(HgO)^.  .    . 

*  Sii/  A/irwirp/A.— Two- 
tlurds  I^lgCl,  and  one- 
thin]  NH,a.  Less 
irriUint. 

^\  Menuty  Alhuminatf. 
— AntiMrplic  [  ?  ]  dusl> 
ing-powder. 


Metric. 


Dosh: 


ApotJbecarkl*. 


9.0  to  4.0  C.C.         >{  to  I  I 


Altnoftt 
insoluble,  o.ooi  100.006  Gm.   ^^  to  j\,  {nin. 


0.3  to  1.3  cc.      Stoxii 


13  ports.    0.001  lo  aoo6  Gm.  ^to^gnh. 


Almost 
insoluble. 


o.  1 2  to  a  35  Gm.      3  to  4  gTU>L 


XVII.  LEAD. 

The  phenomena  of  Icad-poboninf[  are  characterued  by  the  tm 
invoivement  of  ^•rry  nuifurous  and  divtnt  or^am.  Ixad,  in  this  rtfpeA 
occupies  a  rather  peculiar  position  amongst  the  melaU,  and.  inderd,  anooiF' 
all  poiwns.  Fuf  whiUt  yu  cxteiiMVc  an  action  sugge»l.i  the  ides  of  a  geeeni 
toxicity  tu  pmlophiniii,  ilii»  <\ixs  not  deem  to  cxiiit,  tince  lead  i»  cumparathclt 
noQ-toxic  lo  lower  organi!>ms.  It  is  a  specialixed  pai»oa;  but  it  it  tpeaali'^ 
for  i]uite  n  number  of  tiuues  and  organs. 

•  Not  official. 

The  moat  importaot  prep«ratioos  are  marlted  ^^ 
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I.  ABSORPTION,  ETC. -ETIOLOGY  OF  POISONING. 

The  action  of  lead  is  influenced  so  greatly  by  its  absorp- 
tion, retention,  and  excretion  t)iat  it  will  be  well  to  discuss 
these  subjects  first 

Lead  salts  arc  astringent  rather  than  corrosive.  They 
may  cause  suflfident  corrosion  to  be  absorbed,  but  this  ab- 
sorption is  never  sufficient  to  cause  acuti  fatal  poisoning 
from  systemic  effects.  At  least,  no  case  is  on  record  in 
which  this  has  occurred.  A  very  small  amount,  however, 
is  absorbed  fairly  readily,  in  whatever  form  the  lead  is  given 
and  whether  in  large  or  small  doses.  This  k'a  quite  insuffi- 
cient to  cause  any  immediate  symptoms.  But  these  traces 
are  excreted  extremely  slowly,  ami  this  ready  absorption 
and  slow  excretion  furnish  the  conditions  for  cumulative 
action. 

Lead  u  perhapft  tlie  best  example  of  a  pouton  wHicli  is  comparatively  fre« 
from  danger  in  a  singly  dniie,  no  matter  how  large,  but  which  becnmcA  fatal  in 
the  moct  minute  duM:^.  if  these  are  consumed  for  a  sufiiciently  long  lime. 

In  this  way  it  is  responsible  for  very  many  deaths,  many 
more  than  arsenic.  Lead  may  be  absorbed  from  any  part 
of  the  surface  of  the  bodj' — from  the  skin  as  well  as  from 
the  alimentar)'  canal.  Hair  dyes  containing  lead  are  a  fre- 
quent source  of  poisoning;  buttheabsoqjtion  is  much  greater 
from  the  mucous  membranes,  and  the  gastro -intestinal  tract 
forms  by  far  the  most  common  way  of  entrance. 

Occasions  for  (hr  introduction  of  lead  ate  very  numcmuit.  The  metal  is 
Bsed  eztenSTely  in  the  arli,  and  the  workers  in  ihe^e — painters,  dyers,  type- 
setters and  type- founders,  plumbers,  etc. — art:  the  ma6t  frequent  AufTeieni  after 
lead  miners  and  the  workin^-mcn  in  white-lead  factories.' 

But  llie  (iccinTence  of  chronic  lead -poisoning  is  by  no  means  confined  to 
these  artisans.  The  meul  i«  so  widcty  di>tributcd  that  every  one  m,  to  »ome 
extent  exposed.  Some  of  tlie  wavH  in  which  poisoning  has  occurred  are  very 
surpriunf*.  Others  are  more  ea*ily  understood.  Perhaps  the  first  of  thesM*  to 
eookc  tu  the  mind  is  the  lead  of  wattr-pipes.  The  opinion  amongst  medico- 
legal  BUlhohties  as  tu  the  danger  of  lead-pipe  has  varied  considerably,  tlut 
»t  the  prenenl  time  it  ,*cera»  to  be  accepted  that,  if  perfectly  pure  vraler  is 
allowed  to  flow  through  l>righ(  and  clean  lead-pipca,  poisoning  re&ults  inva- 
riably. In  this  case  the  aarface  of  the  lead  is  dianged  into  a  hydrate,  and 
I  Uii«  i*  Mifficiently  vduble  to  cauie  the  intoxication  Hut  the  danger  is  very 
ooch  lew  with  old  lead-pipes  as  ordinarily  used  ;  these  have  become  lined 
r^ith  a  layer  of  lead  oxid,  ("bO  -)-  Pb.  Tlus  is  quite  insoluble,  and  docs  not 
form  a  hydrate.  The  chance  of  solution  is  still  (es^  if  the  water  contains  cal- 
ciam  carbonaie  and  carbonic  acid.     Ordinary  Iead-pi]>es  would  therefore  p«- 

X  '  The  tmoke  arwl  fumes  from  lead  factories  contain  quite  a  large  amount  ol' 
the  meul.  This  is  deposited  on  the  soil  and  un  the  surface  of  plants,  and  Is 
also  taken  up  into  the  tissues  of  the  latter.      Cases  uf  poisoning  have  bcea 

LKeferred  to  the  milk  of  cows  fed  un  these. 
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sent  bill  little  dftT^;er.  Bill  even  (hen,  if  the  water  is  allowed  to  tiMoA  1  loi( 
time  in  Uiv  i^ipcs  Mjme  solution  i^  bound  to  occur.  Un  accouul  of  this  clingcr, 
lead  pipes  should  be  condemoed. 

The  employment  of  lend  Vfis^ls  for  cooking  shoald,  of  counc.  be  mtiirif 
diMnrded.  TtitHni  tvssr/t,  e5t>ccixUy  tin  cans,  luuatly  al»o  c«iataiQ  a  cc 
■ininint  of  lead  in  lhe<«ilder.  Ifiht-  [>rrcenta£e  don  nut  excrnl  it  certain  I 
the  lend  weraH  so  hmily  cnmhmfd  m  the  alloy  as  to  prevent  its  salotioni 
by  modenitely  add  liqui<ls  »»ch  m*  vinegar.  If  it  exceetls  ihU  twaiililj,! 
cerlitiri  ftmouiil  will  lie  dis-M^Kecl,  and  will  exert  itft  toxic  adiitn.  *  The  •Edi- 
tion nf  some  lend  \^  also  nece^'utry  in  tin-foil,  such  as  is  ased  for  wrapjaof 
articles  of  food,  lu  moke  the  tin  woikable.  Here,  also,  it  is  hatmlea  if  il 
docs  not  etcced  a  certain  UmiL  I.cad  enlcn  inio  ihe  glaxiiiy  m(  tarlA^wm't 
vesiiels,  and  is  contained  in  many  variclies  o(  s/ati ;  bul  if  il  eiiUi  ea- 
tirely  in  the  form  of  silicate  of  lead.  It  pre»enU  00  danger.  All  fbeie  1 
may  be  canly  tciitcd  with  suflicicnl  accanu:y  by  allowing  vincgiar  or  I 
acetic  acid  to  stand  in  (hem  for  (wen ly -four  houn  and  Uirn  paiMog  a  I 
rent  uf  sulphuretted  hydrogen  thmugli  the  hquid.  If  there  i»  no  ptvcipT 
the  atiiuuni  of  lead  is  below  the  dangctuus  limil.  It  is  a  sumewhai 
fact  that  lead  bullets  in  a  wound  do  not  seem  lu  caert  the  leail  KtM- 
'[*hey  pntbcibiy  become  oxidiEcd  in  such  a  way  that  none  of  llic  tKtai  a 
absorbed. 


The  lead  is  alw'ay's  absorbed  in  the  form  of  sotubk 
proteid  combinations.  These  may  be  formed  from  Itail 
compounds  which  are  perfectly  insoluble  in  water  or  adik 
Even  lead  sulphate,  one  of  the  most  insoluble  of  substance. 
will  be  absorbed  in  suflicient  amount  to  produce  poisunmg, 
so  that  sulphuric  acid  is  useless  as  a  prophylactic. 

Excretion. — l.ead  is  excreted  by  all  channels,  possibly 
witli  the  exception  of  the  sweat.  The  principal  parfi 
i.s  by  the  epithelium  of  tlie  skin  and  especially  of  the 
alimentary  canal  It  is  said  that  chronic  Icad-poisotung 
may  usually  be  detected  by  paintJnj;;  the  skin  uith  sul- 
phid  of  ammonium,  this  giving  a  black  color.  In  ]Kiimcn 
this  is  perhaps  often  due  to  tlic  adherence  of  lead  tu  die 
skin. 

The  lead  is  also  commonly  deposited  in  the  shape  of  sul* 
phid  on  the  edge  of  the  gums,  giving  the  charactemtic 
"/(tW  /ifit'."  The  feces  in  lead -poisoning  also  very  fr^ 
qucntly  have  a  dark  color  from  the  action  of  the  H^S  fontwi 
in  the  intestines,  upon  the  excreted  lead.  It  is  said  that  the 
excretion  of  lead  is  very  greatly  favored  by  potassiuw 
iodid  ;  in  what  manner  is  not  known. 

Retention. — The  lead  which  is  retained  in  the  body  if 

'  In  Germany,  Austria,  and  some  other  countries,  the  lead  in  colder  wW 
cornea  in  contact  with  food  it  limited  by  law  to  lO^,  in  tin  plate  k>  t<l.t^ 
in  France  only  half  of  ihi«  amount  i<«  [lermitted.  None  of  the  SttMtial^ 
Union  place  any  limil  on  this,  desirable  as  il  appears  frnm  ■  hygieaac  NU^ 
point. 
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stored  especially  in  the  liver  and  other  organs,  the  blood 
containing  only  very  small  traces.  ^ 

There  is  a  very  great  individual  variability  in  the  sutccptibility  to  lead- 
poiaoDing  ;  with  a  Dumber  of  persons  exposed  to  the  same  cundition».  and  using 
the  same  precautions,  some  will  be  violently  poiftoned  and  otlieni  not  at  all. 
This  depends  perhaps  upcm  differences  in  absorption  and  excretion,  but  anemic 
patients  and  persons  with  low  resistance  generally  are  very  susceptible. 

II.  PHENOMENA  OF   LEAD-POISONING. 

The  primary  symptoms  of  chronic  lead-poisoning  consist 
in  local  irritation,  changes  of  metabolism,  and  in  nervous 
phenomena,  mainly  of  central  origin. 

The  systemic  actions  do  not  occur  in  any  regular  order,  so  that  evidently 
they  do  not  depend  one  upon  another. 

I.  The  local  irritant  action  is  seen  mainly  in  acute 
poisoning. 

(a)  Alimentary  Canal.  —  Lead  acetate  and  most  lead 
preparations  have  a  sweetish  astringent  taste.  This  is  soon 
followed  b\'  the  usual  symptoms  of  irritation  in  the  alimentary 
canal:  salivation,  dysphagia,  vomiting,  and  diarrhea,  etc. 
The  vomit  is  sometimes  bloody.  The  diarrhea  is  not  as 
profuse  in  lead-poisoning  as  it  is  with  most  irritant  {xjisons, 
on  account  of  the  astringent  action. 

The  lead  salts,  like  some  other  metallic  salts,  form  an  insoluble  costing  over 
the  mocoas  membrane  of  the  intestine,  and  m^  prevent  the  ordinary  lead 
preparatiotu  from  penetrating  and  frum  causing  d«ep  corrosiou  aud  exlenuve 
absorptioD. 

(b)  Another  evidence  of  the  irritant  action  of  lead  is  found 
at  the  point  of  excretion  ;  that  is  to  say,  in  the  kidneys. 
Nephritis  is  a  ver^'  common  consequence  of  acute  lead- 
poisoning,  and  an  invariable  accomjxtntment  of  chronic  in- 
toxication. In  the  latter  case  it  may  be  in  part  secondary 
to  some  of  the  other  effects  of  the  lead  :  viz.,  tlie  j^out  or 
the  arteriosclerosis. 

(c)  The  local  irrritant  actions  upon  the  alimentary  canal 
and  upon  the  kidney's  help  to  explain  the  metabolic  changes, 
but  these  arc  also  in  part  direct,  in  jjart  stcondar\'  to  tlie 
vascular  injury.     The  chemic  changes  are  rather  obscure. 

3  LiveT 0.03    to  I.OOj- 

Kidney 0.03     "007^ 

Bain      0.02    "  0.05? 

BuDCfi o-M     *'  0.04S 

Mnades 0.004  "  o.oo«j^ 

Bluod traces. 
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There  is  a  profound  artemta.  This  is  at  first  due  merely  lo 
can  strict!  oil  of  tlie  cutaneous  vessels  ;  but  later  there  is  a 
diminution  of  hemoglobin  and  of  the  number  of  red  cor- 
puscles. The  destruction  of  these  very  frequently  give 
rise  to  icterus.  The  ititima  of  the  diood'rfsst'is  undergoes 
fatty  degeneration,  and  thi.s  is  frequently  followed  by  artcm- 
sc/t'fosis.  Faffy  degenerations  are  also  found  in  other  organs: 
in  the  kidneys,  liver,  and  other  glands.  Another  expression 
of  the  perverted  metabolism  is  the  occasional  production  ol 
gout. 

Lead  always  exerts  an  unfavorable  influence  upon  prt%- 
nancy.  The  number  of  miscarriages  in  women  affected  \s^ 
lead-jHjisunintj  is  very  hirge ;  and  of  the  children  born,  by 
far  the  largest  projxirtion  die  during  the  first  )*ear  of  life. 

2.  The  effects  of  Icad-poisoning  upon  the  peripheral 
nerves  and  muscles  are  very  often  characterized  by  the 
fact  tiiat  the  symptoms  appear  suddenly,  last  for  quite  i 
short  time. — several  hours,  perhaps, — and  then  disappear, 
to  recur  later. 

(a)  The  most  conspicuous  of  these  peripheral  cflects  is 
lead  colic. 

This  IK  proHiice<t  ns  readily  hv  th«  hypodennic  orinumTenous  odminisiiibw 
o{  IntU,  as  when  it  i&  tnkcn  by  uioulh. 

It  is  characterized  by  violent  pains.  localized  cspedallj' 
near  the  umbilicus.  The  abdomen  is  very  conspicuously 
contracted,  even  scaphoid.  The  patient  frequently  lies  tfi 
his  face,  \vith  the  fists  pressed  against  the  painful  region. 
since  pressure  relieves  the  distress. 

Tiiis  colic  is  caused  by  the  violent  contraction  of  the 
intestinal  muscles.  Since  this  forces  the  blood  out  of  tltc 
vessels  of  the  splanchnic  area,  the  general  blood  pressure 
will  rise,  the  pulse  will  h^  hard  antl  tense,  and  the  heart  viO 
be  slowed. 

The  cause  of  this  contraction  must  be  a  stimulatiom  ^ ^ 
nerve  endings,  since  it  does  not  possess  the  peristaltic  chu" 
acter  of  ganglionic  stimulation  and  Is  entirely  ab<;»lishcdb^ 
atropin.  It  is  largely  relieved  by  measures  which  dilate  the 
blood-vessels,  for  instance,  nitrites,  so  that  one  is  jusiiM 
in  assuming  a  primary  vasoconstriction  as  one  of  its  causd 

(b)  Of  other  affections  of  the  peripheral  nerves.  «*"' 
tkesiii  or  disturbed  sensation  of  tlie  skin,  and  more  rarely 
of  underlying  organs,  is  conspicuous. 
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A  striking  instance  of  this  disturbed  sensation  is  the 
arthra/gio  saturnhta,  a  painful  affection  of  the  joints  and 
adjacent  muscles.  The  pain  is  ver>'  violent,  as  in  the  colic, 
which  it  resembles  closely.  Like  this,  it  appears  suddenly, 
lasts  a  few  hours,  disappears,  and  recurs. 

Tbi^  artbnlgia  U  nol  seen  in  auiinaU ;  but  Ihesc  ictn\  to  be  much  te&s  aco- 
tilivr  ti)  aniculiu  pain  llun  m.-iii.  I'liry  nim  shuw  vrr^-  litttp  distrriis  if  acute 
ftrtkhttft  is  produced  by  uric  acid  injccUon. 

^P  Neuralgias  occur  occasionally.  They  have  perhaps  sev- 
eral explanations  :  In  some  cases  thc>  arc  due  to  a  periph- 
eral neuritis,  in  others  to  an  action  on  the  central  nervous 
system. 

(c)  The  actions  on  the  motor  system  consist  in  neuritis, 
paralysis,  and  alropiiy.  The  seal  of  this  action  has  given 
rise  to  considerable  discussion.  It  has  been  placed  in  the 
central  nervous  system,  in  the  ]x;ripheral  nerves,  and  in  tlie 
muscle  cells.  The  last  two  arc  probably  the  usual  scat, 
but  the  central  nervous  system  may  undoubtedly  participate 
in  some  cases. 

The  action  a(  lead  upon  iiolaleii  mmtb  is  quite  chanicleriBtic.  There  ii  at 
fint  an  tnovase  in  the  rase  with  which  the  mtiH'le  15  futigued,  and  the  fatigue 
ctm'e  presents  some  very  peculiar  changeit.  In  ihc  normnl  Catiguc  curve  the 
height  of  the  miccessire  contraction!)  dccreaAe.^  in  a  perfectly  regular  manner ; 
if  a  line  \>>  drawn  juining  the  summits  ot  the  contractions,  lhi&  is  practically 
straight.  I^ut  if  fnligiic  is  produced  in  a  inuwrlc  poiiMjncd  hy  lend,  the  line  is 
extremely  irregular.  One  contraction  will  be  very  low,  another  high,  etc.  It 
will  a\sf%  reijuite  ■  leu  number  of  contractions  to  produce  complete  fati^e  tbon 
In  the  case  of  normal  muscle. 

In  chronic  poisoning  in  the  intact  animal  early  fatigue  is 
also  a  prominent  symptom.     This  gives  way  \o  paralysis. 

The  onwt  is  slow.  The  muK'le»  first  become  inwnsitiTc  to  voluntary 
llimulation  and  later  to  elcclnc.  At  this  lime  the  reaction  of  degeneration 
sets  in  ;  that  is  lu  say,  thr  muiclc  is  hypcrscn^tive  to  galvanic,  and  less  sensi- 
tive than  normal  to  faiadic  stimulation. 

The  paralysis  is  followed  by  total  atrophy. 

The  heart  may  be  similarly  afle<-lcd,  and  this  quite  euly  in  the  pcnsoDJog; 
I  Ihift  \s  ihc  caw  especially  if  the  p>iisoii  is  inje^icd  directly  into  the  blood. 

The  action  upon  the  peripheral  motor  nerves  Is  probably 
quite  similar  to  the  direct  muscular  action. 

This  paral\'sis  of  the  extensor  muscles  has  been  ad- 
vanced to  explain  a  verj*  common  phenomenon  of  lead- 
poisoning,  the  drop  wrist  or  lead  wrist. 

Others,  however,  attempt  to  explain  it  by  active  contracture  of  the  opposing 
flexor  muscles.     It  is  tiot  unlikely  that  both  have  a  part  in  the  explanation. 
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The  contracture  begins  at  the  metacarpo -carpal  articu- 
latinn  of  tlie  twu  middle  fingers,  then  the  two  outer  fingen 
and  the  thumb,  and  then  the  wrist. 

3.  The  effects  upon  the  central  nervous  system  con- 
stitute what  is  called  encepkalopathia  satnrnalis.  Tlicy  are 
exerted  especially  on  the  cortex.  There  is  first  irritation, 
which  is  followed  by  paralysis.  The  effects  are  both  sen- 
sory and  motor,  but  particularly  the  latter.  They  begin  with 
contractures,  then  choreic  movements,  then  possibly  gener- 
alized coniuisions. 

The  conrulsofis  which  are  seen  in  lead-poisoning  are  ool  olwaj?  due  k> 
the  lead  itself,  but  sometimes  to  the  nephrilis;  i.  t.y  uremic. 

Later  the  motor  stimulation  gives  place  to  paralysis. 

On  the  part  of  the  nuntal  and  psychu  facultits  there  is 
delirium,  then  depression,  and  in  the  last  .stages,  coma.  The 
latter  may  also  be  uremic.  Lead -poisoning  is  claimed  asi 
contributory  factor  of  insanity. 

It  is  lutid  that  in  very  prolonged  caaes  of  leAd-poiaooing,  the  aotennr  eoi- 
umns  of  the  -ipinAl  cord  shr>iv  ntMologic  degenerationi.  A  caw  of  orininil 
pulsuriing  ia  known  wlicie  ^iiinll  doses  were  sdnuaiiteted  during  »ji  moaAi 
The  «\'nipto[ns  were  dencnb^d  a«  pcniifleDl  votniting.  constipation,  and  (ohc 
followed  by  paresis  and  cpilepliform  convulsions.  Sytnpluma  ^milar  h  ^1 
re&pccts  to  the  atx»t:  may  be  t^vukcd  in  aainulit  by  llie  iojectian  uf  urgiaie 
lead  preparattons  such  aa  Icad-lriethyl.  ^ 
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III.   TREATMENT  OF  LEAD-POISONlNr,. 

In  acute  Uad-poisoning  it  is  well  to  administer  a  sulphate 
so  as  to  render  the  lead  as  far  as  possible  insoluble,  •ii'l 
tlien  to  remove  it  quickly  by  means  of  an  emetic. 

In  chrome  liad-poisoning  removal  of  the  lead  is  also  oik 
of  the  main  indications.  Hot  baths  are  effident  for  this 
puri>ose,  as  also  ttie  administration  of  potassium  iodid  in 
fairly  large  do.ses.  For  the  rest,  the  treatment  mii.<t  l« 
purely  symptomatic:  For  the  coHc,  belladonna,  opium,  ar"^ 
the  nitrites ;  for  the  prevention  of  paralysis  and  atrophy, 
strychnin,  massage,  elertricity.  etc. 

Prophylaxis  is  of  the  greatest  importance.  The  puW''^ 
should  be  thoroughly  educated  to  the  insidious  dangci' 
of  lead,  and  the  chances  of  poisoning  carefully  giunlw 
against     The  sources  of  danger — lead-jMpes,  etc. — sbou''* 

*  The  metal  Thallium  tesenihles  Lead  in  its  action.     The  ueUU  ^' 
been  osed  in  doses  of  0.005  '"  o.oi  Om.  per  day,  atjaiost  tke  ai^l-«*<*'* 
phthisis.     It  caiucd  neuritis,  and  its  nie  is  act  jtutilied. 
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be  eliminated.  Tin  cans,  foil,  etc.,  should  be  frequently 
examined  by  authorized  persons.  Special  precautions  are 
required  in  lead  factories  and  in  exposed  trades.  Since  the 
main  channel  of  poisoning  is  by  the  mouth,  extreme  cleanli- 
ness should  be  encouraged  and  made  possible  by  liberal  facili- 
ties for  washing.  Food  should  nut  be  peniiitted  on  the  prem- 
ises, and  the  clothing  should  be  chan^'cd  before  leaving  tlie 
works.  More  stringent  laws  are  greatly  needed  in  tliis 
connection. 

IV.  THERAPEUTICS. 

The  thcrajxutic  iiiiportiuice  of  lead  rests  entirely  upon 
its  local  astringent  actions.  It  should  never  be  taken  in- 
ternally and  should  never  be  continued  for  a  long  time. 
In  the  latter  case  it  may  be  in  pail  secondary  to  some  of 
the  other  effects  of  the  lead  :  viz.,  the  gout  or  the  arterio- 
sclerosis. 

V.   MATERIA  MEDICA. 

(Lead  preporation-i  should  nut  be  u»cd  iDtenutlly.  aod  only  for  b  shot!  time 

externally.) 

J^^Ptumbi  Acftas  fU.S.P..  1\.V.).— {Sugar  ff  Zrt»y.>_Pb(C,H,0,],  -|- 
5II.O.  Soluble  in  t.8  parts  water.  Dott :  0.D3  too.3  Gm.  {%  \o$  grains). 
KxlcnuUly  a^in»l  ivy- poisoning. 

Li^u^  Plumhi  Suha.-ftatis  (U.S.P-l  [ /ii>r/is,  B.P.]  {Geu/anTs  Ex- 
tract).— 25%.     Used  only  to  prepare  the  lead -water. 

^*^tufHflr  Plumbi  Subacftalii  Dilutm  tU.S.P.»  B.F.].— (Lead  water.)— 
%%.     Extemnlly. 

Un^uenhi/n  Plumbi  ^tr/utis  (H.P). — 4<5. 

Suffvtitoria  Plumii  Comf^isita  (B.P.). — Each  contains  3  gTslns  of  lead 
■cetnle  and  one  gmin  of  opium. 

Pfumhi  C.irh,mas  f  U.S.P.,  B.P.).— W»i//  Z^*^.— {PbCO,),Pb(0H),.  A« 
dusting- [>Dwdt:t  und  in  : 

t'ngu/nium  Plumbi  Caritawttit  (US. P.,  h.V.).—lQ%. 

,•»  Emplaitrum  Plumbi  ( U. S. P.,  B. P. ).  — DiaekylflU  or  tfad  Platter.— K 
lead-soap,  made  by  boiling  lead  oxid  (Uthai^e)  with  Olive  Oil. 


XVIII.  PHOSPHORUS. 
I.   VARIETIES. 

Tbe  element  phosphorus  exiftts  in  Iwo  rnrms,  the  red  and  yellow.  Ttie 
fofiner  u  noo-Tolatile,  and  is  insoluble  in  wnter  or  oil.  is  not  absorbed,  and  is 
therefore  not  toxic.  The  yellow  or  ordinary  phos])lior«s,  wliilst  alwi  insoluble 
in  water,  i*  very  volatile,  nnd  penftTale-i  ihff  lisMiPs  with  easr,  especially  when 
ill  finely  divided  state,  or  when  dissolvtd  in  falsi,  Pho«i>honis  acts  as  such, 
the  compounds  being  harmle-u  and  having  a  totally  diflcrent  action. 

The  most  importani  preparations  are  marked  ^*f^. 
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U.  SfMMARV    OK  ACTIONS. 

1.  Direct  paralysis  of  cardiac  muscle. 

2.  Changes  in   inct^bniism,  consisting   in  an   increasedj 
decomposition  of  protoids  ;  diminished  oxidation  ;  fatty  in-] 
filtration  of  cpitliclium  and  muscle,  with  subsequent  con> 
ncctivc-tissue  infiltration  ;  increased  formation  of  sarcolactic 
acid  ;  modifications  in  bonc-forraadon  and  in  the  blood. 


in.   DETAILS  OK   ACTION. 

I.  The  one  acute  and  direct  action  of  phosphorus  is  on 
the  heart.  Large  doses  piiralyze  this  organ,  acting  api>ar- 
ently  on  the  muscle-fibfrs.  (Phosphorus  has  no  action  on 
muscle-nerve  preparations.)  There  is  consequently  a  fall  of 
blood  pressure  and  eventually  cessation  of  cardiac  action. 

1.  Action  an  Metaboltsm. — This  i«  ihe  mn»l  intrir^liiii;  fcalure  of  plu»- 
phcni-t-poisoiiiii);  from  a  scieiititic  stuiidpuiiil.  Ivcinf;  ■liuo>i  iiniijuc.     It  vccuit  \ 
in  chronic  p-jiMJiiiii^,  uf  as  a  »rrcoii<luy  |>r<N:c.u  after  a  miiqIc  Ui);ri  dose. 

It  cnnniit  Ix:  snid  thai  ihc  procoi^  is  very  lli<m>uglily  iiiiilri^tifod.  It  may 
he  rcdiKi-iJ  In  nil  ii)crcAM-U  iucttibi>tiim  of  iiitrugcii,  and  a  <|iiiiinishvd  uxidaUoO. 
But  wliat  rutatioii  these  two  {»\x«uci  bear  to  each  otiicr  canaot  be  staled. 

(A)  Nitrogen   Metabolism. — Tliis   is   very   greatly   in- 
creased, as    much   as    300%.     The   change   is   not   only 
quantitative,   but  also   qualitative;    i.   e,,   the    nitrogenous] 
metabolites  arc  not  in  the  normal  ratio.     The  urea  is  not! 
nearly  so  much  increa.sed  as  the  others,  and  may  even  bel 
less  than  normal.      It   is  to  a    larg«    extent    replaced   by^i 
animonia.     Tiiis  may  be  attributed  to  an  increased  prinluc-' 
tion  of  sarcolactic  acid.     Rut.  in  addition,  some  of  the  N  is 
excreted  in  the  urine  in  less  completely  oxidized  form,  as 
leucin,  t\Tosin,  and  peptone-like  bodies.* 

(B)  A  ri.*:e  in    the  metabolism    of  ccll-proteids    always 
causes  fatty  changes  of  cells.    (This  \s  also  scrn  uith  phlo- 
ridzin,  arsenic,  antimony,  many  volatile  oils,  alcohol  group. 
benzol,  phallin,  etc.)     In  the  case  of  phosphorus,  the  main 
cflTect   falls   upon   the  liver  cells,  but  practically  all  other 
cellular  organs  arc  involved  :  muscle,  skeletal,  and  cardiac 
kidneys ;  blood-vessels ;  epithelium  of  stomach  and  intcs^J 
tine,   etc.     The   fatty   changes  are   preceded   by   "  cloud> 
swelling,"  which  is  probably  an  intermediate  stage.     Thcyj 
are  followed  by  proliferation  of  interstitial  connective  tissue 
(cirrliosis). 

■  These  ore  fdnned  piiiicii«lly  in  ihe  liver,  ■nd  arc  pohmpi  due  to  an  ia>] 
crease  of  the  nuntinl  nutolvlic  fi^rmciit  nctioD  uf  this  or|;«n  Quabjr).  Siaidtf.l 
changes  occur  in  acute  yellow  atrophy. 
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The  question  is  still  umlrr  di-uniMion  an  tn  wliethcr  the  fully  chnnge^  are 

L  fnliliralions  ur  degcnctaikfriN ;  whether  the  fill  is  merely  tmfispurled  fruiii  other 

I  portions  ut  the  body,  or  funned  in  ji/it.     The  bulk  of  the  evidence  i»  in  favor 

I  of  infiltration.     There  tevniii  to  be  no  doubt  that  the  total  amount  of  body- 

fai  in  the  frog  is  nol  increft»e(l ;  and  it  is  staled  that  the  fal  in  ihc  phosphonu- 

hvcr  does    not  ditfcr  in  cuoipoiiitioii   frum  the   bodyfal.      Since  the  profeidl 

are  diminished,  as  al«o  the  glycogen,  ihc  hypotbcu^  i.s  nol  itcprohable  that 

I  the  fatty  rbAnges  in  this,  as  in  other  combtions,  are  the  i;x[>re«»ion  uf  Marra- 

'  tiun.     The  cell,  ou  Iwing  de^wivetl  of  its  ordinary  food,  drawa  on  die  fat  of 

adipose  simclurci  to  supply  the  deficicacy. 

{a)  The  chan^^cs  in  the  /Jr'i'r  consist,  then.  In  increase  of 
{at  (three  to  four  times  the  normal  amount) ;  diminution  of 
glycogen  :  increased  formation  of  ammonia,  and  of  leiicin 
and  t>TOsin. 

There  are  also  marked  changes  in  the  ^7^.  At  first  there 
is  an  increased  formation  and  excretion  of  bile  pigment. 
This  is  perhaps  in  part  due  to  a  destruction  of  red  blood- 
cells,  in  part  to  an  increased  activity  of  the  hepatic  epithe- 
lium. Later  the  bile-pigments  are  retained,  leading  to 
ith'Tus ;  whilst  a  thin  fluid  is  excreted,  which  is  probably 
mainly  mucus.  The  suppression  of  the  bile  secretion  is 
presumably  due  to  occlu^iion  of  the  bile  capillaries ;  at  first, 
through  the  fatty  enlargement ;  later,  through  tlie  cirrhosis. 

{fr)  The  degeneration  of  the  musr/rs  leads  to  debility  ;  of 
the  hfart,  to  weakening  of  the  circulation  ;  of  the  kUtuySt 
to  albuminuria,  which  is  never  very  severe. 

(r)   Degeneration  of  the   hhod-vessds   leads  to   loss  of 

[elasticity  and  to  capillar)'  hemorrhages.     It  may  also  be  in 

part  responsible  for  some  of  the  other  changes.    The  blotui 

is  also  affected  directly ;  it  becomes  less  coagulable  and  the 

[red  corpuscles  are  decreased  in  the  dog  (not  in  rabbit  and 

man  ?X 

[d )  The  degeneration  of  the  ceiis  of  the  gastric  and  intes- 
tinal mucosa  explains  the  abdominal  pain,  vomiting,  and 
occasional  diarrhea.  These  occur  equally  rtradily  after 
hypodermic  injection,  so  that  they  are  not  due  to  a  local 
action,  but  rest  on  the  metabolic  changes. 

(C)  Other  Effects. — The  use  of  O  and  the  excretion  of 
CO^  are  diminished. 

The  P^O^  in  ihc  urine  is  increased,  but  much  beyond  the 
amount  of  P  administered.  This  is  only  another  expression 
of  the  increased  proteid  metaboli.sm.  The  NaCl  is  diminished 
on  account  of  the  anorexia. 

The  growth  of  young  hones  is  affected  in  a  peculiar  man- 
ner, somewhat  as  with  arsenic,  the  cancellous  tissue  tending 
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to  become  compact.  The  necrosis  of  the  jaw,  often  seen  in 
the  operatives  of  ill-ventilatcd  match  factories,  Ls  referred  by 
some  authors  to  the  phosphorus  itself;  by  others,  to  the 
lower  uxidation  compounds. 

The  cfutrai  ncmous  sysUm  is  not  aficcted  directly. 

Phosf>horfttcd  Hydrogen  causes  a  very  similar  intoxica- 
tion. 

IV.  TOXICOLOGY. 

1.  Etiolog^y. —  Ph{>cplK>nj»  it  quitr  ncc^s^iblc!  in  the  f<M-m  of  mtUchet  or 
phospliorus  ml  [^wstc,  so  that  poisuning,  accidental  nr  suKidoI,  is  not  tX  *U 
rare.  Chrmiic  puiMHiin^  of  «  MJtiiewlial  ditkreiit  cluracter  i^  •e«ii  Uom  its 
fiiniek,  in  pliuHphonik  :iimI  match  fncturicA.  'I'his.  as  well  as  the  pouoninff  by 
matchr*!!,  has  hewn  v«ry  (rimilydiininishcfl  lanre  the  introdoctian  of  unncpaimi 
(red)  |>hij.*plii.>r\is.' ' 

Phiisphoru!.  Imtns  are  no  im>re  tlaiiycrous  than  oilier  humsuf  MmUarexieot 
and  An  not  rxhibil  any  nf  the  symplumi  or  pliosphonis- poisoning 

3.  The  symptoms  appear  usually  only  after  some  hours, 
and  begin  with  burning  and  pain  in  the  abdomen,  and  vomit- 
ing. The  vninit  has  the  otlnr  of  garhc,  and  is  luniinou.sin  the 
dark.  The  patient  then  usually  improves  grtratly.  and  ap- 
pears nonnal  for  two  or  thrtre  days.  At  the  end  of  this  bmc, 
icterus  makes  its  appearance,  together  witli  abdominal  jwin 
and  tenderness  ;  emesis,  often  bloody  :  and  diarrhea.  The 
area  of  liver-dullness  is  increased.  There  is  considerable 
muscular  weakness  and  pain,  and  general  prostration ;  the 
pulse  is  small  and  quit  k.  The  urine  contains  bile,  albumin, 
leucin.  tyrosin.  an  abnormal  amount  of  ammunia.  etc..  some- 
times blood.  Hemorrhages  occur  in  many  different  situa- 
tions. There  is  usually  a  fever,  sometimes  abnormally  low 
temperature.  This  condition  lasts  five  to  eight  days,  when 
the  jxitient  usually  dies  of  heart  failure.  Rccoverj'"  is  pos- 
sible, however,  evL-n  when  the  symptoms  are  very  severe. 

'\\\^  fatal  dose  is  50  mg. ;  but  13  mg.  cause  very  grave 
intoxication. 

3.  The  treatment  consists,  in  the  early  stages,  in  the 

'  The  hnt  phosphnnis  rrtction  nMt«:hes  were  tnnde  by  DtrosDe,  Pam.  in 
1S16,  hut  Ihcy  did  nal  bccdtnc  pmctiral  until  (833.  whrn  pmcY^K^s  (nr  thnr 
mai III tni; turn  were  invented  in  several  rountries.  These  all  etnpliwed  irelhj* 
phoKphoni!! ;  each  match  contains  3  to  5  mg..  so  that  f6  woohl  be  fatal  i\M  aa 
ailajl. 

The  nxire  modeni  unorphnus  phosphoms  matches  oonl^n,  br«(dc«  tUt, 
some  oxidizing  agent  (KCIO,.  KNO,.  chromate  or  oxM  of  Mn.  )V  Fe)  and 
paraffin,  glue.  etc. 

The  '  *  itafet)'  matches ' '  have  no  phiMphanis  on  the  Micks,  which  asc  aM> 
ally  headed  wtih  ^Sb^O^,  KCIO,,  and  glue ;  the  phosphonu  is  here  on  the 
friction  suducc  coating  the  box. 
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administration  of  CuSO^  as  emetic:  the  Cu  is  precipIUitcd 
in  metallic  form  on  the  V  globules  and  retards  their  absorp- 
tion. The  stomach  should  then  be  waslied  with  0.2% 
KMnO,  or  with  H,Oj.  Old  spirits  of  turpentine  in  doses 
of  1  to  2  c.c.  .should  be  <;iven  several  times  a  day  for 
some  days.  AH  these  measures  are  for  the  purpose  of 
oxidizing  the  phosphorus;  the  last  acts  even  after  the  I'  is 
absorbed.  Oils  and  fats  of  all  kinds  must  be  avoided. 
Alkalies  are  useful  to  ncutmlize  the  excessive  sarcolactic 
add.  For  the  rest,  the  treatment  must  be  symptomatic. 
I"  A  peculiar  necmsis  of  the  jaws ^  as  observed  in  match  fac- 
'  torics,  begins  with  salivation,  suppurative  ulceration  of  the 
gums,  and  ends  in  a  very  profoinid  periostitis,  involving 
tlie  whole  jaw.  It  usually  starts  in  carious  teeth.  The 
lower  jaw  is  more  often  aflTccted.  The  only  treatment  is 
^excision  of  the  diseased  bone. 


\ 


V.  THERAPEUTICS. 

The  only  rational  indication  for  phosphorus  is  in  defi- 
cient lime  deposition  in  bone,  as  in  rickets,  osteomalacia, 
and  ununited  fracture.  However,  the  evidence  in  regard 
to  its  benefits  is  not  very  conclusive,  and  it  is  certainly  a 
very  dangerous  remedy.  The  6rst  effect*;  are  to  be  seen  in 
about  four  weeks.  It  must  be  omitted  if  gastric  symptoms 
appear. 

Its  use  in  diseases  of  the  nervous  system — alcoholism, 
sexual  exliaustion,  neunilgia,  etc. — is  not  supported  by  any 
pharmacologic  action,  nor  by  clinical  results ;  nor  has  its 
use  in  chlorosis  any  scientific  basis. 

VI.  MATERIA  MEDICA. 
Pk»iph0rui  (U.S.P.).— AiK  (in  I'reparaiions) :  0.0005  loo.oo3Gin.  (xir 


to  At  grain). 

Pih 


^iuia  Phoffi)h*n  (V.S.P-). — Eadi  contains  0.0006  Gm.  (jj,  ^r^a). 
Dtvf:  I  to  5- 

PUuta  Phospkori  [B.P.). — 2^.     Dost:  0.06  (o  o.l   Gm.  (l  lo  2  KTnins). 

S^ritHS  PkotpktfH  (U.S.P.).— 0.13,*.  Dost:  0,5  lo  X.\  cc.  (8  lo  40 
miniDu). 

^*  ^Elixir  /Mw/^fln(U.S.P.).— 0.025  If.  ^wr.-  2  10  lo  cc.  {,%\)>t% 
dmchmit). 

J^^OIfum  Phosphoratum  (U.S.P.,  B.P.).— ijt  in  Almond  Oil.  Ihut : 
0.06  to  o.  j  c.c.  (1  lo  5  inioims). 

*  FMxir  P/ioiphiiri  et  AV"  Vsmiat  (N.F. ). — Ench  ie*5l>oanfal  =  ■ 
miQims  Tinct  Nux  Vomica  aiiJ  ^g  gmin  Phosphorus. 


The  most  importiuii  preparalions  are  marked  ^*^. 
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VII.   HYPOPIIOSPHITES. 

Although  these  salts  arc  popularly  supposed  to  improve 
nutrition  in  anemia  and  bcgitining  plithisis,  there  is  abso- 
lutely no  scientific  foundation  for  this  belief. 

MATtklA  MEDICA. 

The  doi^e  of  the  dr^-  salts  U  O.I2  lo  1.2  Om.  (3  to  20  gnins).  Tbey  uv 
ioluble  in  I  to  S  parts  of  water. 

CaUii  Hyt^phoiphii.—\^:a.V\\fi^\  (U.S.P.,  B.I*.). 
Sodii  iyi/../A^//'A«.— XaI'H,0,  4-  11,0  (L'.S.P.,  B.P.). 
PMatiii'  Hyp^'phoif<kis—K\m^\iy).%.V.). 
Ferri  JIyf>ofhosphis.—V\{V\\j^,\.  (US.!*.),     Insoluble. 
^*^Syrupi4S   Hypcphoiphttum  ^U.S.P.  |. — Dou:   4   to  8   C.c.   (l   to  J 
drachnu). 

Syrttpm    Mypcphosphitum   cum  Ftrro  (U.S.P.). — (lj(    Iron  L^ctaie.) 
Do^e  :  4  to  8  ex.  (l  to  3  tlrachms). 
*  Syrnpus  J/ypophasphilum  Compfrifut  (S.F.) — Each  tMSpoonful  coonini 
li  grain  Mch   I  lypc^ho-sphiie  of  Iron  and  Md  ;  ^  grain  <Juinin  Hjr- 
drochlorate ;  ij^  miii.  Tr.  Nuz  Vumic*. 
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(A)  GENERAL  PHENOMENA. 

The  symptoms  produced  b\*  poisons  and  drugs  after  their 
absorption  present  a  great  variety,  according  to  the  organs 
on  which  they  act ;  each  organ  reacting  by  various  modifi- 
cations of  its  own  peculiar  function. 

In  the  case  of  a  .strictly  local  action,  produced  at  the 
point  of  application,  the  conditions  are  much  more  simple 
Only  a  few  structures  need  be  con.sidercd, — the  skin  and  mu- 
cous membranes, — and  these  have  essentialK-  an  identical 
structure.  Their  functions  alsoare  comparatively  few  and  easy 
to  oversee.  For  these  reasons,  tliere  art  many  phenomena 
which  hold  true  of  all  local  irritant  poisons,  and  which  may 
be  studied  once  for  ail ;  these  present  onh'  minor  modifica- 
tions in  individual  cases.  They  resemble  in  the  closest 
manner  those  of  inflammation  produced  by  any  other  cause. 

These  local   irritants  act  by  producing  necrosis  of  pro- 

•  Nf>i  offififtl. 

The  must  iinpartant  preporatiom  are  marked  ^%. 


rubefaction;  vesication. 
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toplasm.  and  this  by  a  purely  chcmic  action.  With  few 
exceptions,  tliey  cause  coagulation  or  other  profound  chemic 
changes  of  proteids  in  tlie  test-tube.  Indeed,  any  substance 
which  produces  such  changes  i.->  an  irritant.  And  \^hen 
one  considers  the  extreme  sensitiveness  of  proteid  to  re- 
agents, the  extreme  readiness  witli  whicli  it  undL-rgoes 
ctiemic  or  physical  changes,  it  will  be  apparent  that  prac- 
tically every  known  substance — even  water — may  exert 
irntant  actions  under  proper  conditions.  In  the  substances 
which  we  have  studied,  we  have  rather  neglected  this  local 
irntaticn.  since  it  was  generally  overshadowed  by  other 
actions.  With  other  drugs,  however,  the  local  phenomena 
form  by  far  the  most  conspicuous,  or  even  thu  only,  symp- 
toms. 


I.  PHENOMENA  OF  IRRITATION. 

1,  These  can  be  studied  very  typically  on  the  skin.  The 
first  degree  of  irritant  action  is  shown  in  an  arterial  and  cap- 
illaiy  hyperemia,  at  first  active,  later  passive.  This  consti- 
tutes the  "dermatitis  erj  thematosa  "  of  the  dermatologists. 
Or.  spt-aking  pharmacologically,  it  constitutes  rubefaction^ 
and  tlic  agents  which  produce  it  are  therefore  called  rubefa- 
cients. The  congestion  is  accompanied  by  sensory  stimu- 
lation— by  itching  or  pain. 

If  the  irritant  action  does  not  go  any  further  than  this, 
resolution  takes  place  without  leaving  any  lesions,  simply 
by  a  return  of  the  vessels  to  normal.  Usually  the  upper 
layers  of  the  skin  are  {lescjuamated. 

If  the  action  is  stronger  than  rubefaction.  it  may  go  into 
vesication  or  pustulation.  Vesication  occurs  if  the  inflam- 
matc)rj' action  results  in  the  formation  of  an  exudate  greater 
in  amount  than  can  be  carried  off  hy  the  lymphatics.  Kvery 
hyperemia  is,  of  course,  accompanied  by  an  increase  of  exu- 
dation, but  up  to  a  ccilain  amount,  as  in  rubefaction,  this 
is  readily  reabsorbed.  When  this  hmit  is  exceeded,  an 
actual,  visible,  effusion  results.  This  li<)uid  will  accumu- 
late in  the  parts  of  the  tissues  offering  the  least  resistance 
to  distention.  In  the  case  of  the  skin,  it  penetrates  readily 
through  the  lower  layers  of  the  rcte  Malpig)»ii,  but  is  arrested 
by  the  impermeable  stratum  corneum.  It  is  tlierefore  con- 
fined between  the  upper  and  lower  layers  of  the  rete  Mal- 
pighii,  and  separates  them,  in  tliis  way  causing  blisters  or 
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vesicles.    The  agents  which  produce  these  are  called  visuanti 
or  epis/>astics. 

Resolution  takes  place  in  these  cases  without  loss  of  tis- 
sue, by  the  formation  of  a  new  stratum  corncuni  (rom  the 
reniaiiiing  rctc  Ma^lpiyliii. 


If  the  overlying  aiid  separated  lovers  of  cpidermU  are  removed,  ihert  u 
much  chance  of  tnfKciun,  tlic  luwcr  layers  uf  Uic  rele  Ma)pij;liii  oScntiglKl 
little  TCM&tnnce.  In  \\\i*<  wuy  their  nny  I>e  a  \us\  uf  sutntonce  from  tenadvT 
Inrecliu4i.  'Hie  seu.v>ry  Mimulalion  of  this  vcMcation  u  Milt  sirongcr  tlua  te 
of  mbcfictiun. 


I 


If  the  inflammation,  instead  of  leading  to  an  efTu&ioi 
liquid,  Icatis  to  an  cmijiration  of  leucocytes,  it  prtnluccs 
pustulation,  the  agent  beini^  called  a  pustuiaut.  This  dc- 
pcnds  to  some  degree  upon  the  violence  of  tlic  inflamma- 
tion, a  more  profound  irritation  being  required  to  produK 
an  emigration  of  leucocytes  than  what  suffices  to  cause  an 
eflusion.  But  to  some  extent  it  is  also  a  specific  propertyof 
the  pustulant.  Certain  vesicants  never  produce  pustulabon. 
whilst  certain  pustulants  do  not  vesicate.  The  pustubnl 
action  is  probably  tlie  more  common  when  there  is  a  spcdi] 
involvement  of  the  cutaneous  glands.  Indeed,  it  is  usually 
confined  to  these,  and  is  but  rarely  diffuse,  for  tlie  reasco 
that  both  the  irritant  and  the  bacteria  can  penetrate  more 
readily  at  these  points.  In  other  cases,  as  with  tartar 
emetic  and  the  bromids,  the  acid  secretion  of  these  glands 
dissolves  or  lilxrates  the  irritiiit  agent. 

In  pustulation  there  is  necessarily  ahvaj's  some  lossf' 
tissue  and  scar  formation.  Sensory  stimulation  is  still 
stronger  than  in  the  case  of  the  vesicants. 

If  the  inflammation  exceeds  this  degree,  it  leads  to  necit>- 
sis  of  the  cells  ;  and  corrosion,  or  cautcrizatiou ,  results.  TTii* 
is  the  last  degree  of  the  inflan]mator>'  action.  DcstnicW* 
of  tissue  by  irritants  may  be  the  result  either  of  inflamni^* 
torj'  necrosis  or  of  a  direct  chcmic  action. 

The  ?tlroni*rr  «rtd^  iind  Alkatie^  as  nisi  brominft  and  some  of  tbecww'" 
prisons  such  as  arsenic  and  mercnry,  form  wlubic  contiMuudt  witk  (■"■■" 
and  produce  koluliun  in  lhi:»  iiuiiinci.  Oilier^  as  nw»t  uf  tlic  mctalBc,  ■I*'' 
and  mpmic  irrilAnts,  kill  the  cdli  by  predpllaiing  their  proteids. 

The  chemic  destruction  of  tissue  is  always  precepted  bf 
this  inflammator\'  necrosis.  Cheraic  cauterization  willtJicic- 
fore  always  show  three  areas:  The  first,  situated  at  ^ 
dei>tli  and  periphery  of  the  ulcer,  is  simply  an  area  of  ** 
fiammation  and  hyperemia.    Then  follows  a  layer  of  nccn^^ 


^^ 


I 
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tissue,  the  result  of  the  mflammatoty  action ;  and  last  a 
layer  in  which  the  chemic  cauterization  results  in  solution 
of  the  cells  which  have  alreat!y  bet-n  killed  b)-  the  inflam- 
matory process.  These  three — hyperemia,  inflammatory 
necrosis,  and  chemic  solution — are  to  be  considered  as  suc- 
cessive stages  in  the  same  action ;  and  by  proper  dilution, 
the  second  or  first  degree  of  action  may  be  obtained  with- 
out the  succeeding  stages. 

Tbe  Mfength  of  action,  for  tbe  same  subslaoce,  \i  a  mnUer  depending  oa 
1  tfie  coacenlraliuu,  rallicr  than  on  (he  absiihitc  amount — ju&l  as  n  ^am  ti€ 
f^V^ij^ft   in    solid    fnmi    introtlum)    Jnio   a    .vtliiiii^n.    may   prropilate   nil    itt 

globulin,  whiUt  an  unlimilcd  quaiility  m&j  be  added  m  $%  sotulion,  without 

«iy  Mich  eflect. 

When  the  chemic  corrosion  leads  to  a  loss  of  substance, 
the  inflammatory  exudate  will  be  poured  on  the  surface, 
where  it  will  coagulate.  This  coayulum,  together  with  the 
products  of  the  chemic  action  of  the  irritant  upon  it  and 
upon  tlie  Cells, — the  albuminates,  etc.,  which  are  formed, — 
constitute  the  *'scab"  or  "eschar.**  Its  character  will 
vary  with  the  nature  of  the  chemic  products  entering 
into  it : 

If  the  irritant  has  a  solvent  action  on  proteids,  as  is  the 
case  with  alkalies,  the  scab  will  tend  to  be  Hquid.  If.  on  the 
other  hand,  the  combination  between  the  proteid  and  the 
irritant  is  insoluble,  as  with  most  metals,  the  scab  will  tend 
to  be  hard.  This  is  of  considerable  importance,  since  it  de- 
termines the  depth  of  action  of  the  corrosive  aycnt.  If  the 
scab  is  soft,  the  chemical  will  penetrate  it,  and  its  action  will 
not  be  limited  ;  it  will  spiead  and  extend  deeply.  On  this' 
account  the  alkalies,  for  in.stance,  are  nut  practical  for  the 
purpose  of  cauterization.  If,  on  the  other  hand,  the  scab  is 
solid.  It  prevents  deeper  penetration,  so  that  the  action  can 
be  very  easily  confined  to  the  desired  areas. 

In  the  case  of  actual  destruction  of  tissue  by  cauterization, 
resolution  will  take  place,  as  after  inflammatory  necrosis,  by 
scar-fomiation. 

2.  Certain  differences  in  detail  will  be  seen  when  irritants 
are  applied  to  other  surfaces  than  the  skin  ;  for  instance,  to 
the  mucous  membranes.  These  are  readily  explained  by 
anatomic  jieculiarities.  There  will,  for  instance,  be  less  ten- 
dency to  vesication,  since  the  epithelium  is  not  impermeable, 
as  it  is  in  the  skin.  Nor  will  there  be  any  chance  of  the 
llistinct    pustulation,  which   depends    upon   the    cutaneous 
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glands.  On  the  other  hand,  the  mucous  glands  will  be 
stimulated  to  an  incrt'-ascd  activity,  producing  "catarrhat" 
conditions. 

The  tongue  reacts  to  different  forms  of  mild  irriialionina 
somewhat  specific  manner,  which  seems  to  have  its  basis  in 
the  papillary  arrangement  These  differences,  constituting 
the  various  kinds  of  "  coatings,"  etc..  are  of  some  diagnostic 
importance  in  disease.  Jiiit  they  can  all  be  reduced  to  the 
ortliiiar)'  phenomena  of  moderate  inHamtnation  :  hyperemia 
and  proliferation,  or  necrosis  and  desquamation,  of  epi- 
thelium. The  epithelium  of  the  mouth  is  sufficiently  iffl- 
pt  imeable  to  allow  of  vesication,  although  less  readily  thai) 
the  skin. 

In  the  stomach  and  intestine  the  action  of  irritants  uill 
produce  physiologic  as  well  as  anatomic  phenomena,  com- 
prised under  the  name  of  gastro-i-nttritis  (sec  p.  657}. 
There  will  l>c  diarrhea  and  vomiting.  These  may,  indeed. 
occur  without  actual  destruction  of  tissue.  When  cauter- 
ization has  taken  place,  the  evacuation  uill  be  tinged  with 
blood,  which  maj*  be  altered  by  the  reagents.  Add*. 
c.  ^.,  will  convert  it  into  the  dark-brown  acid  hcinatio, 
giving  rise  to  the  "coffee-grounds"  vomit.  A  further 
complication  maj'  arise  if  the  corrosive  cats  its  way  through 
the  intestinal  wall,  producing  peritonitis.  Destruction  ti 
tissue  ill  this  situation  is  very  apt  to  produce  scvcrf  shak. 

3.  Kidney  and  Liver. — Nrjne  of  the  irritant*  exert  thdr 
irritimt  action  upon  the  body  at  large.  Most  of  them  arc 
not  at  all  absorbed,  and  when  absorjition  does  take  plJce. 
they  are  too  greatly  diluted  to  act  anywhere  except  in  ibc 
liver,  and  especially  in  the  kidney.  AH  irritant  substance* 
will  produce  nepiiritis  if  they  are  absorbed.  Many  ofthcO 
will  cause  irritation  of  Uie  liver-cells,  leading  tofatt}'^^' 
eration.  and  later  to  cirrhosis,  precisely  as  in  the  case  » 
alcohol. 

4.  Respiratory  Passages. — Tf  an  irritant  poison  i«'*'- 

ati!t\  its  main  i  fleets  may  fall  upon  X\\c  rt's/*irott*ry  ffosi^g^^- 
The  general  phenomena  will  be  ttiosc  of  acute  \at)i^'S^' 
bronchitis,  or  pneumonitis. 

5.  There  appear  to  be  some  specific  differences  bctir*" 
the  different  irritants  as  to  the  strength  of  their  action  '" 
different  situations.  Some,  for  instance,  seem  to  act  O" 
pecially  on  the  alimentary  canal,  and  to  a  ver>'  small  Oft^"' 
on  the  skin.     This  is  probably  connected  with  diflcrenff* 
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of  absorbability.  A  drug  which  cannot  penetrate  the  skin, 
cannot,  of  course,  act  upon  it  It  vvill  be  reiiieiiibered  that 
the  epidermis  is  impermeable  to  most  siibstmces.  In  order 
to  penetrate,  these  must  bu  citlicr  fatt)'.  llUc  croton  oil  ;  or 
volatile,  like  turpentine;  or  they  must  actually  destroy  the 
epidermis,  like  caustics. 

.-MI  irritant  substances  will  act  to  some  extent  as  anti- 
septics. They  will  destroy  the  protoplasm  of  bacteria,  just 
as  they  do  that  of  tissue  cells. 

t  11.  PHENOMENA  OF  ASTRINGENT  ACTION. 

When  the  solvent  action  of  the  chemical  is  very  small 
and  its  prccij)itant  action  very  larjje.  the  course  of  events 
is  quite  different  from  that  described.  It  leads  in  this  case 
to  what  is  called  an  "  asfrini^cut  action."  The  astringent 
action  is  always  preceded  by  a  small  amount  of  inflam- 
mator>-  action.  But  this,  instead  of  passtnj:;  on  to  necrosis 
of  tissue,  leads  to  a  diminution  of  the  already  existing  in- 
flammator>*  process.  An  astringent  action  may  be  defined  as 
one  which  lessens  the  ti'pical  processes  of  inflammation. — 
that  i.s,  the  congestion  and  the  permeability  of  the  capillary 
walls. — and  leads  to  the  absorption  of  tlic  effusion.  The 
astringents  also  produce  a  visible  ivrinklnig  of  the  mucous 
numbrams  to  which  they  are  applied,  and  lessen  the  secre- 
tion of  mucus.     They  possess  a  peculiar  "  astringent "  taste. 

The  manner  in  which  this  astringent  action  is  brought 
about  is  still  only  imperfectl>'  understood.  All  astringents 
produce  precipitation  oi  f>roteids,  and  this  insoluble  proteid 
precipitate  seems  to  underlie  the  astringent  action.  The 
princij^d  drugs  which  produce  such  a  precipitate  are  the 
metallic  salts,  vegetable  tannins,  substances  like  alcohol, 
and  dilute  acids.  To  explain  this  action  it  has  been  as- 
sumed that  these  precijjitates  form  a  hning  along  the  capil- 
lary walls,  and  in  this  way  add  an  additional  coat,  as  it 
were,  to  each  capillar)'.  It  se<:m.s.  however,  much  more 
likely  that  they  act  by  coagulating  the  ordinarily  semifluid 
cement  substance  between  the  endothelial  cells,  and  that  this 
prevents  the  filtration  of  fluids,  and  more  especially  the  emi- 
gration of  ceils.  The  absorption  of  air i-ady  formed  tffusio9ts^ 
to  which  they  lead,  may  possibly  be  explained  by  osmotic 
laws  ;  By  precipitating  the  proteids  of  these  effusions,  they 
lower  their  molecular  concentration,  and  render  tliem  more 
diffusible. 
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Not  all  proteid  precipitants  are  astringents.  The  pre- 
cipitant action  must  be  of  a  special  kind.  It  must  be  pro- 
duced very  quickly,  and  the  precipitite  must  be  practically 
impermeable  to  the  precipitant.  Otherwise  the  precipitant 
action  would  extend  so  deeply  as  to  lead  to  extensive 
necrosis,  and  woidd  thus  continue  the  inOammatory  process. 
We  repeat,  that  the  main  essential  to  astringency  is  that  the 
precipitate  will  prevent  further  penetration  of  the  astringent 
into  licalthy  tissues.  Its  action  must  be  confined  to  the 
inflamed  area — to  the  place  where  it  is  applied.  From  tins 
it  follows  that  it  is  absolutely  irrational  to  expect  a  remote 
action  from  astringents.  The  very  facts  of  their  action  ex- 
clude such  a  possibility.  Before  this  was  well  understood 
it  was  tried  to  obtain  astringent  action  throughout  the  body 
by  external  applicatinn  or  by  giving  astringents  by  the 
mouth.  The  want  of  success  confirmed  what  has  just 
been  said. 

In  the  intestinal  canal  the  astringents  seem  to  form  a 
deposit  along  the  lumen  of  the  intestine,  and  in  this  way 
prevent  absorption,  and  also  the  penetration  of  otlicr  irritant 
substances,  in  this  way  lessening  peristalsis. 

HI.  GENERAL  TOXICOLOGY   OF   IRRITANTS. 

The  phenomena  produced  by  irritant  poisons  will,  of 
course,  depend  in  the  first  place  upon  tlic  part  of  the  body 
with  which  they  are  brought  into  injmediate  contact  The 
most  prominent  symptoms  arise  from  the  skin,  alimentar>* 
canal,  or  respiratory  organs  ;  the  last  only  in  the  case  of 
ver>'  volatile  poisons.  Later  symptoms  may  apr>ear  in  the 
urinary  or^^ans. 

The  extent  of  the  action  depends  upon  the  concentration 
of  tlie  poisons,  the  time  during  which  they  act.  and  the  extent 
of  .surface  with  wliich  they  come  into  contact — less  upon 
their  absolute  amount.  If  taken  by  the  alimentary  canal, 
their  action  \\\\\  also  he  modified  by  the  presence  of  food. 

I.  Cauterization  of  the  Skin. — This  may  be  either  ac- 
cidental or  criminal.  In  the  latter  case  it  is  usually  by  sul- 
phuric acid  (•*  Vitriol  ").  The  results  are  the  same  as  in  tl)c 
case  of  extensive  burns.  The  diagnosis  oflTera  no  difficulty. 
The  character  of  the  stains  is  that  described  on  page  659. 
Sufficient  of  the  corrosive  can  always  be  collected  from  the 
clotliing.  etc..  to  establish  its  identity  by  chemic  means. 
The  treatment  is  precisely  like  that  for  bums,  after  previous 
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tneiitralization  and  removal  of  the  corrosive  agent.  Salves 
[and  oils  arc  useful — especially  the  linimt.'ntumCaIcis(Carron 
lOil.  /.  <".,  equal  parts  Ijnsecd  Oil  and  lime-water). 

2.  Poisoning  by  the  Alimentary  Canal. — The  intro- 
duction of  caustics  by  the  mouth  is  ahno^it  always  cither 
I  accidental  or  suicidal.  The  effects  are  so  painful  and  appear 
so  promptly,  and  the  lesions  are  so  persistent,  that  they 
would  scarcely  ever  be  used  in  criminal  poJsoninfj — except 
possibly  in  infanticide.  They  are  sometimes  taken  by  mis- 
take for  sjTup  or  other  medicine,  and  may  be  swallowed 
before  the  difference  is  noticed.  However,  certain  organic 
irritants,  usually  insoluble,  such  as  croton  oil.  do  not  pro- 
duce their  action  for  some  time. 

I  The  phenomena  vary  according  to  whether  the  irritant 
produces  an  actual  cauterization — a  destruction  or  solution 
of  the  tissues ;  or  whether  it  causes  only  inflammation. 
We  shall  begin  with  the  latter  class. 
(A)  Irritants  which  do  not  destroy  the  tissue:  To  this 
class  belong  elaterium.  croton  oil.  and  most  of  the  other 
organic  irritants,  such  as  volatile  oils,  etc. 

The  symptoms  are  those  of  a  violent  gastro-enteritis : 
nausea,  vomiting,  and  diarrhea.  If  the  poison  will  act  only 
when  dissolved,  and  is  insoluble  in  the  stomach,  as  is  croton 

■  oil.  the  nausea  and  vomitinp  will  not  be  present,  but  only  the 
^  diarrhea.     The  symptoms  will  appear  correspondingly  late. 

The  abdomen   is  usually  distended  and  extremely  painful, 

»  especially  upon  pressure.  As  a  result  of  the  gastro-enter- 
itis,  there  will  be  an  extensive  dilatation  of  the  splanchnic 
area,  and  consequently  withdrawal  of  blood  from  other 
parts  of  the  body.  This  will  produce  marked  chanf^es  in 
the  circulation.  The  pulse  will  be  soft,  small,  and  quick. 
The  linvered  cmuiation  will   react   upon  ()ther  organs,  and 

tmost  conspicuously  upon  the  antral  nen'ous  sysUm.  There 
is  great  anxiety,  vertigo,  delirium,  convulsions,  then  collapse^ 
and  finally  coma  and  death.  This  picture  is  common  to  the 
entire  scries  of  irritant  i}oisnns. 

Abortion. — ^The  hyperemia  is  not  confined  to  the  intes- 
tine, but  extends  to  all  the  abdominal  organs,  which  there- 
fore partake  in  the  inflammation,  although  the>' do  not  come 

■  into  direct  contact  with  the  irritant.     The  most  important 
W  or^an  involved  in  this  is  tlie  uterus,  and  the  organic  irritants 

have  been  very  frequently  used  to  procure  criminal  abortion. 
Oil  of  savin,  of  tansy,  and  of  pennyroyal  enjoy  a  special 
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reputation  in  this  connection,  but  any  other  irritant  produces 
tlie  same  result.  The  ecbolic  effect  is  only  secondary  to 
the  gastro -enteritis,  and  the  latter  is  very  often  fatal  without 
accomplishinjj  the  object  for  which  it  was  produced. 

The  postinorUm  appearances  arc  those  oi  gastro-cnlcritis, 
and  in  cases  of  suspt-cted  criminal  abortion  this  n)ust  be  of 
sufficient  extent  to  explain  tlie  fatal  issue.  The  pathologic 
condition  consists  in  an  intense  congestion  of  the  entire  con- 
tents of  the  alimentary  cana],  often  with  inflammatory  exu- 
date into  tiie  lumen  of  the  intestine.  The  congestion  may 
be  so  violent  as  to  produce  ecchymoses.  If  these  are 
present,  tiic  vomit  and  stools  will  l>e  tinged  with  bU>od 
during  life.  Destruction  of  tissue  is  quite  rare.  It  may. 
h<»wcvcr.  occur  from  gangrene  due  to  the  interference  with 
tl^e  circulation. 

(B)  The  fixed  caustics:  The  poisons  which  arc  of  great- 
est importance  in  this  connection  arc  the  mineral  acids,  and, 
to  a  much  less  extent,  carbolic  acid ;  oxalic  acid,  which, 
however,  stands  apart  on  account  of  its  specific  toxic  ac- 
tion ;  the  organic  acids,  which  are,  generally  speaking,  cor- 
rosive in  proportion  to  their  volatility  ;  the  alkalies,  the 
alkaline  earths,  and  the  carbonates ;  the  haloid  substances. 
broiiiin.  chlorin,  and  iodin.  Metals  are  also  to  some  extent 
corrosive,  but  not  usual!)*  sufficiently  so  to  produce  perfora- 
tion. The  alkalies  and  broniin  produce  the  most  extensive 
destruction  of  tissue,  because  of  their  deep  penetration. 
With  them,  the  scar-formation  is  also  the  most  extensive. 

All  caustics  will  cause  symptoms  from  the  destruction 
of  tlie  tissues  with  which  they  come  into  contact,  in  addi- 
tion ti)  the  gastro-cntcritis.  The  importance  of  this  lies  in 
llic  reflex  aflection  of  the  central  nervous  system — in  shock 
— which  may  appear  so  quick  1\'  and  be  so  \iolent  as  to  en- 
tirely cover  up  the  local  symptoms.  Death  may  occur  be- 
fore vomiting  and  diarrhea  have  had  lime  to  develop. 

A  further  importance  of  the  corrosive  action  Hcs  in  the 
fact  that  it  may  produce  pcrfonition,  and  consequently  peri- 
tonitis, and  death  from  this  cause.  If  the  poisoning  is  not 
immediately  fatal,  the  corrosion  will  lead  to  scar-formatii>n. 
and  consequently  stenosis,  and  the  pitient  vcr\*  frequently 
dies  after  a  long  time  from  inanition  due  to  the  interference 
of  the  stenosis  with  swallowing,  etc. 

The  aetitc  symptottis  begin  in  ihc  mouth,  with  a  burning 
pain,  dysphagia,  and  loss  of  tissue. 
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The  ULtfe  of  ouiny  of  lhe>te  MiltNtanrcs  in  cbanctrrislic — acid,  allulinc, 
metillic,  astringvDt,  elc.  Ttie  uaturc  q(  tlic  curiusioti  in  tUe  luwith  is  of  great 
tliftfruoslic  importance. 

Alkalies  cause  a  Ininsparent  swelling  of  ibe  cpilhelium,  whic}]  will  ilcuch 
as  a  gelaiinnus  mass,  exiKtsiog  the  scarlel-colored  inflamed  area  beneath.  The 
ether  corrosives,  which  precipitate  protelds,  produce  at  first  a  grayish-white 
opa<;ue  stain.  This  persisu  in  the  case  of  the  metallic  poisons.  The  odds, 
however,  change  ihe  hemoglobin  in  the  neighboring  area  into  the  dark  scid- 
n,  and  the  color  of  t)ie  «tain  coiiscc|uetitly  becomes  dork  or  black. 
acid  is  an  exception  :  its  slnln  lakes  na  a  yellow  color.  I'his  <lin'crs 
that  of  picric  acid  by  being  changed  to  orange  by  alkalies,  whilst  Ihe 

Eicric  acid  stain  remains  unaltered.     Broniin   proiluccs  a  chnraclcristic  light 
rown  or  orai^e  stain  ;  iodin   stains  a   molmgany   color.     The  silver  stain 
turns  black  after  a  liate.  * 

The  iSof*hagus  is  also  corroded,  and  ordinarily  especially 
at  its  beginninj;  and  ^nd,  and  at  the  place  where  it  crosses 
the  left  bronchus. 

In  the  stomach  tlie  principal  corrosions  will  be  found  at 
the  pylorus,  since  the  caustic  follows  the  lesser  curvature 
and  accumulates  at  the  pyloric  end. 

The  s)'niptonis  consist  in  the  gastro-enteritis  which  has 
been  described.  The  vomiting  and  diarrhea  arc  tnarc 
frequently  bloody.  In  the  case  of  adds  the  vomited  blood 
is  frequently  very  dark  in  color  on  account  of  the  formation 
of  acid  hematin.  This  is  the  so-called  "cofTcc-grounds  " 
vomit.  The  pain  is  very  much  more  marked  with  coitosive 
poisons.  Death  from  gastro-enteritis  may  ensue  in  from 
twenty-four  to  fortj'-eight  hours.  The  absorption  of  the 
products  of  tlic  chcmic  action  of  tliese  agents  on  the  tissues 
very  frequently  leads  to  fever.  On  the  other  hand,  the 
collapse  may  lead  to  a  fall  of  temperature. 

In  the  postmortem  examination  one  would  look  for  evi- 
dence of  destruction  of  tissue  in  tlie  gastro-intestinal  canal. 
This  would  be  found  in  the  u]>per  portions  in  the  case  of 
most  of  the  ordinary  corrosive  poisons,  as  acids,  alkalies,  and 
haloids  ;  whereas  with  mt-tals  it  is  often  in  the  cecum  or 
lar^e  intestine,  because  they  are  excreted  in  these  situations. 

When  the  action  has  not  progressed  to  actual  Cfirrosion, 
there  is  often  very  marked  hyperemia  and  ecchymosis.  The 
color  is  frequently  much  darker  than  corresponds  to  the 
amount  of  congestion,  especially  in  the  case  of  acids  (due 
to  acid  ticmatin).  Alkalies,  on  tlie  other  hand,  have  a 
tendency  to  make  the  blood  appear  lighter. 

'  The  «tain^  of  iodin  and  silver  arc  frequently  n  smirre  of  annoyance  in  the 
Ibcnpeutk  exhibition  of  these.  They  can  l»c  readily  a-mnvcd  :  Tht-  lixlin  hy 
muimnia  water ;  the  silwr  by  potas>iium  cyanid,  or  by  paintin{[  Hrsl  with  iodin 
and  then  with  ammonia. 
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The  other  abdominal  oi^ans  arc  also  hypercniic. 

3.  Volatile  Caustics. — 

'I'hctie  CL>iii^nM:  ainuK>iii«.  chloriii,  bromin,  the  fuming  nunenl  mcitji>.  the 
gBsruu-4  ickls.  »>uch  a»  sulpliurous,  iiitmtis,  elc. ;  SDt)  certain  organic  acirU — 
■cetic.  fonnir.  «tc.  Also  other  nrgank  substances,  such  as  famuLtrJehyd ;  ancL 
ibe  volatile  oiU,  etpccially  the  oil  of  mustard. 

These  sliow  effects  upon  the  respirator)'  organs,  in  addi- 
tion to  the  symptoms  already  described.  They  also  affect 
the  central  nervous  system  more  profoundly,  and  primarily 
in  tlie  way  of  a  stimulation. 

Tile  action  upon  the  respiratory  organs  may  lead  to 
spasm  or  edema  of  the  glottis,  and  this  may  produce  death ; 
or,  in  less  de^jrcc.  permanent  or  temporary  loss  of  voice, 
edema  of  the  lungs,  broncliitis,  bloody  sputum,  etc.  There 
is  usually  a  reflex  stoppage  of  respiration.  Ihis  is  a  con- 
servative measure,  and  explains  wliy  poisoning  by  these 
agents  is  not  more  fatal.  The  volatile  poisons  al:>o  alHect 
all  other  exposed  mucous  membranes  and  produce  con- 
junctivitis.  cor\za,  etc. 

4.  Treatment  of  Poisoning  by  Corrosives. — Tlie  first 
measure  is  liiluiion,  since  the  action  is  proportional  to  the 
concentration.  The  drinking  of  water  in  abtindancc  and  the 
washing  out  of  the  stomach  are  therefore  important.  If 
corrosion  is  already  advanced,  it  is  not  ad\isable  to  pass  tiie 
stomach -tube.  The  further  treatment  consists  in  tlie  ad- 
ministration  of  demuUrnt  substances,  as  mucilage  or  boUed 
starch  ;  nr  proteids.  as  white  of  egg ;  or  milk.  The  protdds 
are  especially  useful  against  the  metallic  poisons,  since 
they  form  rather  insoluble  albuminates. 

The  pain  usually  requires  the  exhibition  of  narcoiks  in 
free  doses.  Most  of  the  irritant  poisons  can  be  treateil  by 
chcmic  anltdohs :  in  the  case  of  alkalies,  by  adds  ;  in  tbc 
case  of  acids  and  the  haloids,  by  means  of  allcalics. 

For  poisoning  !)>'  tici<\s,  or  haloids  thr  frtM*  nlkatirs  are  usuilly  ino  ftiM^ 
Tlie  carbcmatc^,  un  ihc  oilier  liand,  will  develop  carbonic  acid,  and  Oui  jn>' 
duc«s  distention  nf  thv  Motnach,  and  therefore  pressure  nn  (he  Bln*4j  ««ifc- 
ened  organs,  and  nuy  even  lead  to  rupture.  Tbc  aulxunfltek  aic  cnrueaaattlv 
cootraindicated.  Tlie  putAssium  preparations  in  gettcral  miKl  be  avoided, 
becattw.  In  the  conxHlcd  condition  of  the  stomach,  thry  wnuld  prohablr  be 
flbv>rbo>:l  in  5uflicient  amount  to  produce  pota»iURi  poisonin];.  S<t  tbeclMicr 
is  pnictkfllly  restricted  to  M«(p  or  jnagncsium  oxid.  Of  cimrsp,  in  ra'**  of 
necpjuiiy  one  takes  almost  anything  at  hand.  «nch  as  whitrva«h  <w  chklk  :  bol 
mngnesinm  oxid  should  be  preferred.  Id  the  ca$e  of  alkalt-pcntoniti^  uif 
dilute  acid  will  do.  in  siiength  uf  about  5%.  Vinegar  will  aosally  br  ibc 
moil  bandy,  but  the  ualure  of  Ibe  add  a  immatmal.      Pouoaing  by  f 
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din  U  treated  with  soilium  bicarbonate     Caustics  in  the  cjre  arc  best 
I  away  by  a.  free  supply  ot'  water. 


(B)  DETAILS  OF  THE  DIFFERENT  CLASSES  OF  IRRITANTS. 
I       After  this  general  sufvey  o(  the  subject  of  clicrnic  iirita- 

■  tion.  the  different  classes  may  be  atudtcd  with  more  detail. 

■  Irritants  may  be  divided  into  the  following  groups : 
K  Water  and  neutral  salts  of  alkalies. 
^^^               Alkalies;  Sulphur  compounds. 

^^H  Acids ;  Haloids. 

^^H  Metallic  salts. 

^^H  Tannin*). 

^^H  Volatile  organic  substances. 

^^^1  Mechanical. 

^^^B  Fixed  organic  substances  (cathartics). 

I       I.  THE  ACTION  OF  WATER  AND  THE   NEUTRAL  SALTS 

has  been  described  in  Chapter  XXIV,  A.  It  ts  a  pure 
physical  salt  action,  lending  to  mild  superficial  irritation — 
mild  hyperemia  and  sensor)'  stimulation.  With  7i'a/rr  the 
action  on  the  intact  skin  is  verj'  small  indeed,  because  the 
stratum  corncuni  prevents  penetmtion.  On  denuded  surfaces, 
where  the  stratum  comeum  has  been  removed,  the  action  is 
considerably  stronger.  It  leads  here  to  the  death  of  tlie 
superficial  cells,  and  stimulation  of  the  underl)'inj;  layers  to 
more  rapid  multiplication.  The  action  on  the  stomach  and 
intestine  is  precisely  similar.  The  latter  help  to  explain 
some  of  the  beneficial  effects  of  *■  water-cures"  in  certain 
cases  of  dyspepsia.  The  action  on  the  skin  may  lie  ob- 
tained by  poultices,  compresses,  or  protracted  baths,  and 
may  conceivably  be  of  use  in  some  skin  diseases.  But,  as 
has  been  said,  the  action  is  slight  ;  the  eflfects  of  poultices 
and  baths  arc  almost  exclusively  thermal  and  reflex. 

Solutions  of  ni'ti/ru/  sttlts  stimulate  the  skin  in  a  similar 
marmer.  but  somewhat  more  profoundly.  They  penetrate 
more  readily,  and  consequently  produce  some  stimulation 
on  the  intact  skin.  This  is  quite  superficial,  but  in  the 
shape  of  sea-water  baths  it  can  be  made  quite  extensive,  so 
that  salts  are  especially  useful  wlit-n  it  is  wished  to  obtain  a 
mild  but  extensive  stimulation  of  the  skin.  These  .salts 
POS.SCSS  an  advantage  over  most  other  irritants  in  that  they 
do  not  injure  the  epidermis. 
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The  action  of  the  salts  on  the  stomach  and  intestine,  on 
the  other  hand,  is  ratlicr  deep.  They  are  absorbed  before 
they  have  time  to  become  isotonic,  and  therefore  exert  their 
salt  action  on  all  the  cells  with  wliich  they  come  into  contact. 
Ihcy  also  produce  a  mild  irritation  of  tlie  renal  cpitheHum. 
The  therapeutic  uses  of  these  salts  in  dysj>epsia  and  as  diu- 
retics, as  well  as  their  toxicologic  importance,  and  the 
specific  irritant  properties  of  nitrates,  chlorates,  etc.,  have 
been  discussed  in  Chapters  XXIV  and  XXV. 

3.  ALKAUES. 

The  group  of  alkalies  includes  the  free  alkahes  and  those 
salts  which  sliow  an  alkaline  reaction  :  The  carbonates  and 
bicarbonates,  borates,  sulphids,  alkaline  cyanids,  and  basic 
phosphates. 

One  must  differentiate  very  sharply  between  dilute  and 
conccntrnted  solutions. 

(a)  Dilute  solutions  cause  a  stimulation  of  the  cells. 
They  soften  the  epidermis  and  emulsify  and  dissolve  fat 
On  the  mucous  membranes  they  efifect  solution  of  mucu.s. 

Their  use  in  cleansing  the  sktn  depends  upon  the  emulsifica* 
tion  of  fat  through  the  formation  of  soaps,  and  upon  the  soften- 
ing of  tlie  epidermis,  so  that  it  is  readily  removed  together 
with  the  adhering  impurities.  In  tlic  mouth  the  alkalies  have 
a  characteristic  soapy  taste.  In  the  stomach  the  irritant  action 
may  be  employed  to  produce  some  stimulation,  and  they 
aid  in  the  solution  of  mucus.  On  the  other  hand,  they 
may  derange  digestion  by  neutralizing  the  gastric  juice. 
Their  action  is  not  very  deep,  since  they  are  neutralized 
before  tliey  can  penetrate. 

Their  irritant  action  on  the  s^n  is  employed  when  a 
stimulation  of  e.xtensive  areas,  together  with  a  softening  of 
the  epidermis,  is  desired  ;  as,  for  instance,  in  case  of  ichthyo- 
sis.    They  are  then  used  in  the  form  of  alkaline  baths. 

Any  of  the  alltatine  sails  can  be  u-sed  t  wich  us  wdiura  carhnnntc  or  hicw- 
bonnlc,  {Kitai^iain  carbonate,  or  bomx,  in  the  proportion  of  about  icpd  Um. 
per  bath  :  for  lotions.  %fk.  These  baths  are  best  mlwiDistered  at  oigbt,  before 
guJDg  tu  bcil. 

(b)  Stronger  solutions  and  solid  alkalies  combine  with 
the  tissue  elements  to  form  alkalint  albuminates,  or  with 
the  fats  to  form  soaps,  and  in  this  waj''  produce  a  de- 
struction of  substance.  This  determines  their  U5;c  as  caus- 
tics.     They  are  also  very  hygroscopic,  and  withdraw  water 
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from  the  cells,  which  contributes  to  the  necrosis.  The 
scab  wliich  they  produce  is  \  er>*  soft,  and  the  compounds 
which  they  form  arc  very  S(»Iuble  ;  consequently  the  alka- 
lies penetrate  wry  deeply,  and  it  is  difficult  to  circumscribe 
their  action.  This  is  remedied  to  some  extent  by  mixing 
tliem  with  insoluble  powders.  A  combination  of  potash 
and  lime  makes  a  fairly  useful  preparation.  But  alkaline 
caustics  arc  ignite  iiainful,  and  lead  to  extensive  scar-forma- 
tion, so  tliat  they  are  not  popular.  Onl\  the  free  alkalies 
can  be  used  as  caustics,  since  the  carbonates  arc  not  suffi- 
ciently powerful, 

(c)  Ammonia  ditTers  from  the  other  alkah'es  in  penetrat- 
ing deept-r,  un  account  of  its  greater  volatility.  It  passes 
throui^h  the  stratum  corneuni  of  the  epidermis  without  injur- 
ing it,  and,  acting  upon  the  lower  layers  of  the  skin,  produces 
blisters.  It  is  .sometimes  used  for  this  purpose  instead  of 
cantharides.  especially  in  nephritis,  where  the  latter  cannot 
be  employed.      It  is,  however,  more  painful. 

It  is  frequently  used  in  more  dilute  form  as  liniment 
for  counterirritation.  when  a  deep  action  is  desired.  Its 
u.se  as  a  reflex  nervous  stimulant  lias  been  sufficiently  dis- 
cussed    (Sec  p.  557.) 

I  3.  THE  SULPHUR  COMPOUNDS. 

The  group  of  sulphur  compounds  compri.sts  sulphur,  sul- 
phuretud  hydrogLtt,  the  suiphitis  and  polysiilphids.  Ichthyol 
and  TItiol  (see  p.  384)  can  ])rt>hably  be  counted  to  some 
extent  in  the  same  group. 

I  Locally  these  act  as  viiU  irritants,  H^.S  behaves  rather 
like  acids.  The  sulphids  and  pnlysnlphids  are  readily  de- 
composed into  HjS  and  the  alkali,  so  that  they  exhibit  both 

,  actions. 

Free  salphor  does  nol  act  aI  nil  notil  il  in  bmucht  into  soluiioii  as  a  sulpliid, 
'  On  (he  akin  this  u  accumpluhc*!  lhiou(<li  ihr  culanciius  »ccr«(ion!i  1  ibe  more 
I  oukUv,  if  the  sulphur  is  applird  in  mni.u  fiinn  nr  in  ointnicnt.-c  In  the  inlcs- 
I  tlDca  iW  change  is  cfTectrd  by  thv  nuilitim  cnrhonalr. 

Besides  tliis  stimulant  irritant  eflect.  sulphur  also  has  a 
I  mild  antiseptic  and  parasiticitiai  action. 

In  the  case  of  the  skin,  the  suljihids  produce  a  softening 
of  the  stratum  corneum.  very  much  like  the  alkalies,  and 
they  arc  used  in  the  .•^ame  conditions.  Their  action  on  hair 
is  e\'en  greater,  so  that  tliey  are  valuable  as  depilatories, 
especially  calcium  sulphid. 
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Since  free  sulphur  will  act  only  in  the  measure  in  which 
it  is  converted  into  sulphids — necessarily  a  rather  slow  pro- 
cess— the  irritation  protluced  by  it  will  Ik;  mild  and  pro- 
longed.    This  is  the  secret  of  its  success. 

This  holds  true  not  only  of  the  skin,  but  also  of  the  int€S- 
(i/if,w\it:rc  the  solution  is  cfiected  principally  by  the  sodium 
carbonate.  Since  the  amount  of  this  is  limited,  the  strength 
of  the  cathartic  action  will  tie  practically  independent  of  the 
anjount  of  sulphur  administered,  e.vcept  in  so  far  as  it  ser\-cs 
a^  a  mechanical  irritant  by  its  bulk,  ju.st  as  an)'  other  insolu- 
ble substince.  The  cathartic  action  of  sulphur  is  therefore 
mild  and  limited  to  a  softeninj?  of  the  stools,  ^^^thout  render- 
ing them  fluid.  This  is  of  especial  value  in  cases  in  which 
a  soi^ening  without  irritation  or  active  catharsis  is  indicated, 
as  in  hemorrhoids. 

The  flow«s  of  siilphar  arc  more  UKful  than  ihr  precipiuted  talphur.  The 
latter  is  90  fine  a  powder  that  itn  tx^iversion  inlo  the  suipbid  nmy  tskc  i^acc 
loo  rapidly  oiid  produce  «  i^mm^r  action  (hiw  is  desired. 

Uwrful  roTin.s  for  administnition  arc  : 

Tuiv.  Glycyrrhisje  Camp. ;  or  Sulphuric  and  Pot.  BiUrt^  pttit  «q. 

Sulphur  compounds  are  ver\'  frequently  used  as  parasiti- 
cidi's  in  skin  diseases, — itch,  etc., — either  in  the  form  of  sul- 
phur ointment  or  sulphur  baths,  For  the  latter,  sulphurated 
potash.  30  to  200  Gni.  (2  to  6  ozs.)  per  bath. 

The  sulphids  are  oxidized  in  the  body,  and  excreted  as 
sulphates.  This  occurs  so  rapidly  that  they  never  produce 
their  systemic  ion  action  when  given  by  the  mouth. 

If  iuftitfii  directly  into  thf  arctdaiian,  ihcy,  %t  well  «s  »ulpburrltrd  hydro- 
gen, produce  a  sumuUcion  and  then  depression  of  the  central  Dcrvous  «y»ten. 
Their  irriuinl  aclinn  may  als«>  be  cxcrlrd  011  die  rcsptnilory  passages  becauw 
lulphurctted  hydmgen  j»  excreted  to  M>mr  extcni  by  thi»  channel.  They  hare 
therefore  been  f^ivcn  as  cxpeclumnts.  but  do  not  seem  to  be  wry  ctBcienl. 

.Sul]»lnir,  especially  in  the  form  of  sutphHr  tfiriH^'Watrr,  hu  been  recom- 
mended for  a  variety  of  obwure  disease* — rhcunmtina,  gout,  diabetes,  etc  li 
b  doubtful  whether  the  bcnctit*  nrc  due  to  the  Milphur.  for  ihe  amount  of  ihii 
ix  very  .small.  As  far  as  ihcy  hnvc  any  elTecl*.  they  would  be  mUdly  laxaUve. 
The  beneliLt  must  rather  be  attributed  to  the  other  hygienic  sBeMarci^  cifie- 
dally  when  ihey  are  U4cd  in  the  Tinn  of  l>nths, 

'fhe  solphids  have  been  projiosctl  as  an  antidote  fifr  hydrveyanit  mtid,  lioa 
they  would  fnrm  sulphocynnids,  whiih  do  not  have  the  hydrocyanic  acid  actno. 
This  has  not  been  tested.  It  is  possible  that  the  reaction  goe*  on  loo  ttowt; 
to  be  of  Talue. 

MATERIA  MEDICA  OF  SULPHUR  a>MPOUND*5. 

Sutfhnf  SMl-!imatMM  (U.S.I'..  B.P.V— (/7<»«^rj  0/  Su//iJiur.\—S.  The 
sublimed  crude  sulphur.     Dair:  I  to  4  Gm.  (15  to  60  graini).      Insolable. 
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^*^Sulfikur  Lotum  \\}.?,.V.).— Washed  5«//t*«r.— Sulphur  wulied  with 
■jmnouta  water,  to  remove  rre«  actd.     Doit :  sune. 

»      Enters  iolo  the  prcpoxtliun  of  : 
^*^(MgueHlum    SuJfhurii    (U.S.P.,     B.P.). — 305&.       (Benaoinntcd 
Urd.) 
^^PhMs    ClyvyrrAka    Cawf^situs    (US  P.,    B,P. ).— Contiins    8^6 
(lO'f ,  B.  p. )  ^  sulphur.    Uosc  4  to  8  Utn.  (l  to  2  dnii:hin:«j. 
iW/4«r  Prfapi/.fhtm  (U.-SP.,  B,  P.).— (Lac  Sulphiiris  Milk  of  Suljihur.) 
— Mode  by  precipitating  a  solution  of  sulphurated  lime  with  IK'l.     Dae:  as 
above. 

CaU  Suiphuratti  (U.S.P..  B. P.).— Made  by  redadi^  Caldum  Sulphate 
by  beating  with  charcoal.     ConiAios  60^  of  CaS. 

Pi>t.ii!,i  Su//Aurara  {U-S.F.,  B.l\].—{/,ii'er  0/  Sulfhur.)     Made  by  fitt- 
ing S  and  K,CO,.     Soluble  In  3  pArts  of  wntrr. 

«%  iehtkyoi. — An  amtaonium  sulphonate  uf  an  oil  obtained  by  the  distilU* 

■  lion  of  a  bituminous  mineral — rich  in  roMila — fuuud  in  Tyrol.  Coiitaiij;^  10%  of 
Sulphur.  Soluble  in  water,  glycerin,  and  all  kinds  of  fats.  Used  in  strengths 
of  5  to  50%.  Recomtrtended  internally  in  pulmonary  disease  (4  Gm.  per 
d«y). 

*  nitf/.— An  artificial  substitute,  used  in  the  Mtne  maooer. 
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4.  ACIDS. 

(■I  Members.^The  most  typical  acids  in  r^ard  to  the  local  action  are 
nUpkune  and  ky%ira<hSarie  acid.  Nitru  acid  produces  the  same  effect?',  but 
difierj  from  theM  in  its  chetnic  action,  producing  xanthopnitclc  acid  from  the 
proteida.  The  stdfihuroiu  acid  \\tks  eIm)  a  Inu^k(^d  nirnislvr  jxiwcr.  Hydro- 
Jluone  add  has  a  specilk  toxic  action,  penetrates  very  deeply  in  virtue  of  ila 
volatility,  and  is  especially  strongly  corrosive.  Of  the  er^imic  iteidt,  those 
of  the  fatty  *eric!»  act  utnilarly,  but  are  weaker.  The  Irickhr-acetie  acui  is 
the  most  corrosive  of  these.  The  volatility  of  most  of  the  fatty  acids  mukcs 
Ihcm  more  penetniling  than  the  minenil  acids.  Oxalic  arid  occupies  a  place 
by  itself  on  acrouni  of  its  specific  toxic  action,  pnxluccd  pTobal>ly  by  the 
precipiiation  of  the  calcium. 

The  (vmfvMttd  acids — *uch  as  ethyl-sulphuric,  etc — act  like  laipuiic  adds. 
The  aromatic  tddf  act  parity  as  acids  but  this  action  is  gre*tly  obscuted 
by  their  collapse  action. 

Tfae  imtoot  action  of  the  acidic  is  alM)  shared  to  some  extent  by  ttte  ticid 
sMlti,  acid  tartrates,  acid  sulphates,  etc. 

(b)  The  nature  of  the  caustic  action  produced  by  acids 
varies  to  some  extent  witli  the  constituents  of  the  ti.ssues. 
But,  on  the  whole,  it  consists,  with  concentrated  acids,  in 
Lwithdrawnl  of  water;  in  the  formation  of  acid  albumins:  in 
oftening  ol'  the  connective  tissue  and  epithelium ;  and  in 
special  situations,  in  solution  of  calcareous  material. 

All  the  concentrated  acids  hax-e  an  nfllinity  for  water,  and  withdraw  thU  fmio 
the  cells.  This  affinity  is  so  strong  in  the  case  f»rconc<'ntralrd  H,SO,  that  not  nnly 
the  formed  water  is  u-ithdrawti  ftom  Ihe  tissui's,  but  (he  ficmfnis  H  and  O  are 
spUt  off  from  their  rliemic  combinations  with  carbr>ii,  leading  tncfirbonization. 
All  acids  convert  />n>teidi  into  acid-iilbuinins.  whiuli  arc  insoluble  in 
snoderately  strong,  but  soluble  in  concent  rated  or  vriy  weak  acids  I'pon 
fcha  prgcipKatioB  of  prnteids  depends  their  astringetit  and  styptic  action. 

*Notoffida1. 

The  mo«t  irnporlnnt  preparettoas  are  marked  ^'^ 
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The  foHHeetivf  tiifue  undcTgo^s  a  rather  ppciiliar  change.  It  is  not  dii- 
Bolved.  but  is  softened  and  rendered  more  joluble  in  boihnR  water.  (Thi* 
explains  why  inent  tiecuinen  more  tender  on  keeping. )  The  conccntnted 
acid!«  have  a  similar  effect  upon  ff^ilhflium.  Without  artually  diuulring  it, 
the}'  MHcn  it  in  such  a  manner  that  it  is  readily  detached.  Dilotc  acids,  m 
the  uthcr  band,  Iiarden  it. 

The  profound  tissue  destruction  by  acids  gives  rise  to 
cxtuTisivc  scar-f(jrinati(in.  For  tliis  reason,  and  because 
they  arc  very  painful,  they  arc  not  much  used  as  caustics. 

The  destruction  of  protcids  makes  acids  efficient  antisep- 
tics. Even  quite  dilute  solutions,  such  as  the  gastric  juice, 
suffice  to  limit  the  growth  of  bacteria.  The  concentrated 
acids  destroy  them  nutrif^ht. 

(c)  Dilute  solutions  of  acids  produce  a  mild  irritation, 
nnd  at  the  same  time  harden  the  epithelium,  without  de- 
stroying It.  They  arc  therefore  preferred  to  alkalies  as 
countcrirritints. 

They  difler  from  the  volatile  organic  irritants  in  that  they 
do  not  penetrate  so  deeply,  and  do  not  cause  nephritis. 
They  are  therefore  specifically  indicated  in  certain  condi- 
tions. 

For  this  purpose  tliey  may  be  used  in  tlic  form  of  baths, 
in  the  strenj;th  of  about  30  c.c.  (l  ounce)  to  the  bath 
{30  gallons).  Or  they  may  be  applied  as  lotions.  In  this 
case  the  volatile  adds  are  preferred,  because  their  action  is 
deeper. 


Formic  acid  ba.<i  a  special  reputation. 
4%  or  5;^  in  bIcoIkiI. 


It  is  used  in  (lie  strenglb  of  about 


This  Stimulation  of  the  skin  without  destruction  of  epi- 
dermis is  very  frequently  used  to  increase  the  amount  of 
sweat ;  and  acids,  usuall>*  in  the  form  of  vinegar,  are  there- 
fore used  for  sponging  in  fever.  On  this  account  thoy  have 
received  tiie  name  of  "refrigerants."  On  tlie  other  hand, 
they  are  used  in  excessive  secretion  of  sweat  (sweating 
feet)  to  harden  the  epidermis.  For  this  purpose  5  or  10 
c.c,  of  concentrated  hydrochloric  acid  are  put  in  a  basin  of 
water  and  the  feet  placed  in  this  until  they  become  painful. 
This  is  done  about  twice  a  week. 

Their  use  in  dyspepsia  has  already  been  noted  on  page 
581.  The  continued  use  of  even  quite  dilute  solutions  of 
mineral  acids  (mineral  lemonade)  leads  to  chronic  gastritis. 
The  irritant  action  on  tlic  alimentary  canal  is  employed  to 
produce  catharsis.     It  has  been  pointed  out  (Chap.  XXVI) 
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that  the  free  acids  will  not  nunh  tlu  mUstine,  so  that  acid 
salts  or  acid  fruits  are  ust:d  for  this  purpose. 

The  irritant  action  of  the  volatile  acids  is  sometimes  em- 
iployed  to  produce  reflex  stimulation  of  the  central  nervous 
lysteni  by  inhaling  vineyar,  etc. 

(d)  Continued  exposure  to  the  vapors  of  acids,  as 
occurs  in  certain  trades,  j^lves  rise  tu  chronic  bronchitis. 
They  also  attack  the  teeth,  and  from  tiiese  the  necrosis  may 
spread  to  tlie  jaw,  as  with  phosphorus.     (See  p.  649.) 


5.  THE  HALOIDS. 

a)  General. — These  comprise  bromin,  iodin^  chlorin,  and 
the  hypochlorites. 

Their  corrosive  action  is  determined  by  tlieir  entering 
very  easily  into  chemic  combinations  with  all  kinds  of  or- 
ganic substances,  taking  from  them  hydrogen  and  forming 
liydrobromic,  hydrochloric,  and  hydriodic  acids,  which  have 
the  ordinary  acid  actions.  If  water  is  present  tliey  will  set 
free  oxygen  in  the  form  of  ozone,  by  combining  witli  the 
hydrogen  of  the  water  ;  tliis  is  also  a  strong  irritant. 

(b;  Bromin  and  Chlorin. — Bromin  is  the  piost  active  of 
the  haloids,  because  it  i.s  at  once  volatile  and  fluid,  It  pro- 
duces ver\'  deep  and  very  extensive  destruction  of  substance, 
somewhat  like  the  alkalies. 

As  volatile  poisons,  bromin  and  chlorin  have  a  verj'  strong 
ction  upon  the  respirator)'  organs.  One  part  in  a  million 
of  bromin  is  already  disagreeable;  ro:  1,000,000  is  said  to 
be  dangerous. 

The  action  of  bromin  and  chlorin  is  purely  local. 

tl  has  been  daiioctl  that  they  «re  nbMibcd  aiid  excreted  in  the  ftee  s4ate  In 
the  urine.  Hie  tb»iirdiiy  of  this  '\%  ithuwu  by  the  fact  that  tbeac  are  used  as 
te^t^  for  urea. 

Bromin,  chlurin,  and  the  hypochlorites  are  sometimes  used  as  antiseptics. 
(See  Oup.  XVH,  C.)     They  have  practically  no  other  therapeutic  usc&. 

fc)  loditt. — The  case  is  quite  different  with  the  remaining 
haloid,  iodin.  Free  iociin  forms  one  of  the  most  useful  of 
counterirritants.  Just  as  in  the  ca.sc  of  the  iodids,  however, 
its  almost  specific  action  has  in  it  nothing  mj'Sterious,  but  can 
be  explained  on  easily  understood  principles.  It  precipi- 
tates proteids  and  enters  into  easiU'  dissociated  compounds 
^^ith  thcni.  On  this  account  it  remains  for  a  long  time  at 
the  place  where  it  is  applied.     At  the  same  time,  it  pene- 

ites  on  account  of  its  volatility.      Its  action  is  therefore  at 
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once  lasting  and  penetrating.  The  action  is  comparatively 
mild,  and  can  be  easily  graduated  by  successive  applications; 
so  that  it  is  possible  to  reach  very  stmng  sensory  irritation 
without  causing  a  deep  destruction  of  tissue. 

These  actions  suffice  to  explain  its  therapeutic  success. 
It  is  used  mainly  for  the  removal  o{  infi-ammatory  proiiucU : 
in  rhcutttafism,  tubercular  g/tttids  and  swellings,  syphUitk 
affections,  etc.  It  was  at  one  time  used  extensively  by  in- 
jection to  cause  adhesive  inflammation  in  cysts  of  ail 
kinds.  This  is  extremely  painful,  and  sometimes  causes 
local  gangrene,  or  at  times  enough  is  absorbed  to  cause 
general  symptoms  :  gastritis,  arterial  spasm,  neurotic  con- 
ditions, etc.  If  it  is  used  at  all  for  injection,  it  should  be  in 
the  form  of  the  compound  (aqueous)  solution  (Lugol's  solu- 
tion) and  not  of  the  alcoholic  tincture.  It  has  been  dis- 
placed almost  entirely  by  surgical  treatment  In  its  injection 
in  giHUr  it  probably  acts  simply  as  a  countcrirritant,  and 
not  as  do  the  iodids  given  internally. 
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Bromum  (U.S.P.). — Br.    A  brown  liquid. 
•  Chlorum. — Q.    A  green  gas. 

Aifua  0/(W(U.S.P.). — CouUina  atleisio.4%  of  CI  (prepftrcd  bjr  Kting 
upon  MnO,  with  HCI), 

#*,  Oiix  Chhraia  (U.S.P  )  {Calx  Chhtrinata,  '&.V.\~Ck Urinated  Lime. 
— \Bleaihing  ptywder.)  Ma^lv  by  posting  cblunn  over  sUkcd  lime.  Sbovld 
coDtAtn  ^5%  "^  chtorin  wh»ch  ntn  l>e  liWratc<l  hy  acids. 

Li^iuyr' S^ia  Chhrata  (U.-S-P.,  ^.Y.S  —Laf^rrMtte's  S»hitiam,  Jardtr 
Waler. — Made  by  decwnpoaiiig  Chlorinated  Lime  with  a  solation  of  Sodimn 
Carbonate.     Contaim  at  leafil  2.6^  of  Chlorin. 

lodum  (US  P..  UP.).  —  Aj-///!.— I.  ChftTacieristic  scales;  reiy  spwit^lf 
■oEubIc  in  waler,  freely  in  aqueous  M>lulioQ  of  Kl  ar  in  to  (wrts  of  Alcohol. 

»*,  Lfjmr  IcJi  Comfoittm  {U.S.P. )  — f  i«ftf/'j  SoluHm.)—\^  5%;  Kl. 
lOjS-     Dait  :  0.06  10  0.5  cc  (■  to  10  minims}. 

Lienor  lodi  Forth  (B.P.I.— M"?-  I  i"  Kl.     Externally. 

»\  Tinctura  /.*// 1 U. S. P. ,  7  jt )  [B.P.,  a>i  Jlfc].  .ZTiw.- 0.06  toa3  cc  (I 
to  5  minims),  diluted. 

UHgtuntum  /A/11U.S.P..  U.P.V— 4$t. 

StJpkuris  iadUum  (  U.S.P  ,  R  P.}.— Made  by  fuslog  sulphar  and  todia 
Contains  ^%  of  the  latter.     Use  exiemally  like  iodin. 

Un^ueHtum  Stilpkuris  lodiJi  (B.P.  ). 

*  lisim  Tribromid.  — I  Br,.  Recommended  in  angiiraica  diphtheritica  is 
spray,  in  I :  yxi  dilution. 

* /mUh  Trii'A/onJ.—lCly  AutiJ«plic  ([  :  1000).  SoluMe  in  alcxihol  and 
water. 

f^/Mto^wwmi.  — CFIIi.  Prepared  by  healing  iodin,  alcohol,  and  KHCO^ 
Sets  n«e  up  to  9;  ^  of  iodin  slowly  in  contact  with  tiuties.  Insoloble  ia 
water,  soluble  in  52  parts  alcohol,  freely  in  oil.  Dose  ■  0.05  to  0.2  Gm.  (I  to 
3  grains). 

*Not  official. 

The  mofH  imjionant  preparations  arc  marketl  ,*^ 
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Umipirmitim  Mohrmt. — 10%  in  B«n2,  Lnrd. 

* /a/«/,— C^l^NH.  TreaUrig  pyrrol  (i.-,H,NH)  with  iodin.  Odorlcs* 
iodorunn  substitute.  Contains  about  same  percentage  of  iodin.  Insoluble  in 
water. 

6.  METALUC  SALTS. 

(«)  General. — Tlie  local  action  of  metallic  salts  (with  the 
•exception  of  arsenic  and  antimony)  is  due  to  tlicir  forming 
compounds  with  the  tis.sue  elemciits,  which  arc  only  soluble 
under  certain  conditions.  In  this  way  the  albuminate,  etc., 
of  the  metal  is  formed,  and  tlie  acid  of  the  metallic  salt  is 
set  free. 

If,  Tor  inftlance,  n  mlntion  of  ferric  chlorid  if)  added  to  egg-albumen,  the 
result  t»  an  atbuminaie  or  imn,  and  free  hydrochloric  ncid. 

This  free  acid  will  exert  its  own  irritant  action.  So  that 
the  local  effects  of  metallic  salts  rest  on  two  factors  :  tlie  pre- 
cipitant action  of  the  metal,  and  the  irritant  action  of  the  liber- 

lated  acid.     Both  will  have  an  influence  upon  the  total  effect. 

'  The  metal  protcid  compounds  are  usually  of  inconstant  com- 
position ;  /.  c.  they  contain  varying  amounts  of  metal  and 
protcids. 

Bt  taking  precautions,  perfectly  definite  compounds  may  be  rormed,  bnl  as 
tbey  are  usualfy  applied  thiii  \s  not  tbc  case. 

Some  of  these  metal  albuminates  arc  almost  insoluble  in 
water .  some  are  soluble  in  excess  of  proteid,  esjiecially  when 
neutral  salts  are  present ;  others  arc  not  This  solubility  is 
of  practical  importance  in  the  local  action.  If  the  precipitate 
is  soluble,  there  is  no  obstacle  to  the  penetration  of  the  metal, 
and  its  action,  irritant  or  caustic,  is  deep.  If,  on  the  other 
hand,  the  precipitate  is  insoluble,  as  in  the  case  of  lead  .salts, 
penetration  cannot  take  place;  the  irritation  is  confined  to  the 
surface,  and  an  astringent  action  results.  The  difference 
between  caustic  and  astringent  action  is  therefore  mainly 
one  of  penetration.  In  regard  to  this,  the  metals  stand  in 
about  the  following  order:  The  most  a.stringent  is  lead; 
then  comes  aluminium;  then  iron;  then  zinc,  copper,  silver, 
and  tin.  which  stand  about  on  a  level ;  the  most  caustic  is 
mercury.  As  to  the  liberated  acids,  the  strongest  caustic 
action  appears  in  hydrochloric  add ;  then  comes  nitric 
acid  :  then  sulphuric  ;  then  phosphoric  ;  the  weakest  of  all 
are  the  organic  acids — acetic,  citric,  and  tartaric. 

By  proper  combination,  then,  between  the  metals  and  the 

*  Not  official. 


acids,  one  may  obtain  any  grade  of  action  from  pure  caustic 
to  pure  astriiigctit. 

The  most  lypical  causlic  would  be  tnercuric  cfalorid,  th«  mosi  tjrpkal 
mstringeni,  lead  acetate. 

The  strength  of  action  will,  of  course,  also  depend  upon 
the  concciitratiuti  in  wliich  the  salt  is  used,  and  tliis  is  often 
limited  by  its  solubility. 

The  chlnrk)  of  ulver  would,  theoreticnily,  he  a  «tron)*cr  caustic  lliafl  the 
nitrate,  but  since  it  is  not  soluble,  it  camiut  act  iu  as  litiung  fumi. 

Quite  insoluble  metallic  salts  also  act.  to  some  extent, 
either  as  astringents  or  as  irritants.  This  is,  in  part,  due 
siniply  to  their  mechanical  action. 

Even  jjunluble  powden  withdraw  water,  aod  id  this  wajr  have  »eax  ne- 
chanical  initaling  action. 

But  in  most  cases  It  is  due.  to  a  still  greater  extent,  to  a 
small  amount  of  these  insoluble  salts  going  into  solution  by 
combination  with  i>rotL-ids. 

It  must  not  be  forgotten  that  the  irritant  action,  the 
a.striiigciit  at:tion^  and  the  caustic  action,  are  merely  degrees 
of  the  same  process.  The  astringent  action  always  precedes 
the  caustic  action  ;  and,  consequently,  by  proper  dilution, 
one  may  obtain  astringent  efiects  from  salts  which  are  ordi- 
narily purely  caustic. 

For  inMancc,  Nlver  nitrate  can  be  so  graduated  in  strength  as  to  bavfri 
purely  aslringcnl  action,  without  any  caustic  effeci  whatever. 

It  is  therefore  impossible  to  establish  a  perfcctlj'  definite 
classificatinii  bitwten  the  metallic  salts.  An  approximation 
to  it  is  given  in  the  foUowing  table : 


CLASSIFICATION  OF  METALLIC  SALTS. 

Mainly  Caustic:   AM    Hg  salts;    ZnClj;SnCI, ; 

SbCl, ;  tartar  emetic ;  CwSO,. 
Both  Caustic  and  Astringent :   Fc  salts  ;  ZnSO^; 
ZnAc,*;CuAc,;  AgNO, ;  Pb(NO,),;  Pbl^ 
Mainly    Astringent :    Alum  ;    PbACj ;    PbjOAcj ; 
ZnO.     Bi  subnitrate  ;  white  precipitate, 
(b)   T/ie-  caustic  action  (/  maa/Zu-  sa/ts :  This  was  for- 
merly used  quite  extensively,  but  it  has  now  been  lai^cly 
abandoned.     Most  are  not  sufficiently  powerful  for  this  pur- 

•  Ac  —  Acetate. 
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pose;  others,  again,  are  too  tojdc,  being  absorbed  insufficient 
amount  to  produce  poisoning.  To  the  latter  class  belong 
arsenic,  antimony,  and  mercurj'.  Zinc  chlorid  and  antimony 
chlorid  (Butter  of  Antimony)  are  very  active  caustics,  but 
rather  too  diffluent.  Their  scab  is  so  soft  that  tlieir  action 
cannot  be  kept  within  bounds.  In  fact,  of  all  the  metallic 
caustia^.  silver  nitrate  in  t!ie  form  of  sticks  (Lunar  Caustic), 
and  to  a  less  extent  copper  sulphate,  are  alone  used  to  pro- 
duce a  purely  caustic  action.  Arsfnic.  were  it  not  for  its 
toxicit)'.  would  be  a  ver>'  useful  corrosive.  Its  action  is  so 
slow  that  it  can  be  very  readily  limitctl.  It  was  believed  to 
destroy  only  pathologic  formations,  leaving  healthy  tissue 
intact.  This  would  be  easily  undL-rstood.  from  the  fict  that 
the  former  are  much  less  staple.  Silver  Nitrate  is  also  quite 
easily  controlled,  since  its  action  may  be  stopped  at  once 
by  washing  witli  NaCl,  which  converts  it  into  AgCI. 

(cl  Irritant  Action  of  Metallic  Corrosives. — (a)  On 
the  Intact  Skin. — The  changes  prnduced  by  metals  are  too 
profound  to  admit  of  their  empluyment  over  large  areas,  or 
for  a  long  time.  They  are  mo.st  extensively  used  for  local 
counterirritiition ;  for  instance,  to  cause  the  absorption  of 
inflammatory  effusions,  or  in  certain  skin  di.'iea.scs.  In  the 
latter,  they  may  be  valuable  largely  on  account  of  their 
antiseptic  action. 

Mercury  is  the  strongest,  both  as  regards  the  irritant  and 
antiseptic  effects.  It  may  be  used  as  solutions  of  corrosive 
sublimate  i  :  lo.ooo  to  1  :  (ooo ;  or  as  the  black  or  yellow 
wasli  (see  p.  637) ;  or  in  the  fonn  of  ointments.  The  strength 
of  action  of  the  olTiciat  ointments  is  about  as  follows : 

The  most  irritant  and  caustic  is  Ung.  Hydrargyri  Nitra- 
Hs  (Citrin  Ointintrit).  Then  comes  Ung.  Hydrarg.  Atumo- 
niat.  :  Ung.  Hydrarg.  Oxidi  Fiain  ;  Rubri  ;  least  irritant  is 
the  Ungitcntum  Hydrargyri. 

Of  other  irritant  metaUic  salts,  the  Tartar  Emetic  is  some- 
times used  in  the  form  of  ointment  (5  to  10%)  to  produce 
pu.stular  eruptions.      It  is  too  painful  to  be  popular. 

(b)  The  use  of  these  irritants  on  ulcers  and  mucous 
membranes  is  discussed  on  page  674  ;  tSieir  use  as  anti- 
septics, in  Chapter  XVII,  C. 

(c)  On  the  Intestinal  Canal.—The  finst  effects  of  the 
irritant  action  in  this  situnti-^n  are  nausea  and  vomitiug. 
This  is  produced  by  all  solubk*  metallic  salts  in  large  doses. 
But  Copper  and  Zinc  have  a  rattier  specific  action,  irritating 
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the  ncrvc  endings  which  give  rise  to  the  reflex  of  vomituig, 
and  tluis  beiny;  evacuated  before  tliey  have  time  to  produa 
any  injury.  The  dose  is  therefore  almost  immaterial,  uithm 
quite  wide  limits.  (Vcr)'  lar*;c  doses  may  not  be  completely 
evacuated  and  nia\'  then  cause  fatal  gastro- enteritis — 40  Gm. 
of  CuS(.)j  proved  fatal  on  the  fourth  day.)  They  arc  usually 
given  in  doses  of  i  to  3  Gm..  dissolved  in  a  glass  of  water, 
and  repeiited  in  fifteen  to  thirty  minutes  if  necessary.  TIk 
effect  is  verj'  prompt  and  is  accompanied  by  very  Httle 
nausea.  They  are  tlicrcforc  more  useful  as  pure  emetics 
than  they  arc  as  nauscanu^.  Alum  is  also  i^ivcn  in  the 
same  way  in  doses  of  4  to  8  Gm.,  but  is  not  as  quick. 
Tartar  Emetic  was  formerly  mucli  used  for  this  purpose. 
It  causes  a  more  prolonged  nausea  and  is  more  ilepresiaat 
Its  indications  are  consequently  more  those  of  an  expecto- 
rant. It  should  not  be  used  continuously  for  fear  of  chronic 
poisoning. 

Certain  irritant  metallic  salts  do  not  in  therapeutic  doses, 
develop  much  action  until  they  reach  the  intestine.  Melt 
they  act  as  cathartics. 

The  most  useful  of  these  arc  the  salts  of  mercury.  Her- 
curouschlorid — calomel — deserves  the  preference,  since  it  is 
entirely  insoluble  in  the  stomach  and  so  avoids  the  gastric 
irritation  wliicli  accompanies  the  action  of  alt  soluble  metallic 
salt't.  Its  solution  in  the  intestine  i.s  due  to  its  forming 
albuminates  which  arc  soluble  m  the  mixture  of  carbonates 
and  chlorids  of  the  Inte.st^inal  juice.  This  is  the  reason  why 
calomel  is  less  actively  cathartic  In  sucklings  than  in  adults: 
the  intcstiria]  canal  of  the  former  contains  much  Icsschlorid. 

This  solution  is  a  slow  process,  so  that  it  has  not  usually 
progressed  very  far  when  the  excess  is  removed  by  the 
catharsis.  The  dose  is  therefore  immaterial  within  rather 
wide  limits — from  0005  to  i.o  Gm.  ;  and  c\en  much  larger 
doses  were  popular  with  the  old-style  physician.  These 
arc,  however,  entirely  superfluous,  and  may  become  danger- 
ous should  conditions  be  exceptionally  favorable  to  sotutioiL 
This  may  occasionally  occur.  When  lar^^er  do.scs  arc  em- 
ployed, it  is  usual  to  mix  them  with  small  amounts  of  vege- 
table cathartics  to  hasten  their  evacuation.  Podophyllia, 
0.0007,  '^  useful  for  this  purpose.  The  HI.  Cathart  Conip 
of  the  U.S.  P.  contains  the  calomel  in  serviceable  form. 

Mercury  was  formerly  considered  to  stimulate  the  tfcwof 
bile.     The  fallacy  of  this  has  been  discussed  on  page  6j 
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However,  calomel  has  an  advantage  over  most  other 
"cathartics  m  being  distinctly  antiseptic,  without  interfering 
with  the  action  of  rernienls.  Salts  of  other  metals  have 
aLso  been  used  as  purgatives  ;  thus  sulphurct  of  antimony 
(Plunimcr's  Pill,  see  p.  61 1).  Arsenic  has  a  cathartic  action, 
but  presents  too  great  dajiger  of  toxic  effects  from  absorp- 
I  tion. 

I  (d)  On  Kidneys:  A  mild  degree  of  the  irritant  action  on 
tlie  renal  epithehum — common  to  all  absorbable  metals — 
leads  to  a  diuresis.  This  is  utilized  in  practice  only  in  the 
case  of  calomel.  It  sometimes  succeeds  in  cases  in  which 
caffcin.  digitalis,  etc.,  have  failed. 

For  lhi»  puq>osc  =  dcci^mms  are  given  l1ire«  lioicB  a  day  for  two  successive 
ijs  and  then  inlcnnitled.  Il  muM  be  cautiously  given,  ochenrise  it  will 
cause  diun:»i».  I>ul  ncplihtu.  Tbe  dmresi))  will  only  ftp|>e&r  about  th«  third 
day.  ir  it  baa  not  be«n  iufScient,  [lie  treatment  may  l>c  icpeatedon  tbe  fifth 
day.  Il  should  doI  be  repented  more  than  twice,  else  there  is  too  great  dan- 
ger of  geneml  poJwniDg,  or  at  leftsl  of  nephritit>. 

(d)  The  Astringent  Action  of  Metallic  Salts  and  of 
Tannins. — 
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(A)   Members.— Of  the  metalliir  laht  th^  most  actively  astringent  is  lead 

late  ;  hul  (hi;  cannot  be  uwd  internally,  uor  fornny  length  of  time  exiematty, 

acojinil  -jf  the  daiiutri  of  chnMii^-  u>j)M>uiDg.     Next  in  iiciivity  corner  alum,  and 

iBspecialty  the  ImmtaTum  (alum  whicli  has  been  roasted,  so  as  to  deprive  it  nf  its 
water  of  cryslAJIiution,  and  which  iherefore  acts  not  only  ai  a  metallic  ailringpnt, 
but  niechoaically  by  withdmwiiig  water).  Next  to  aluni  come  the  soluble  sine 
t*,  ihe  sulphate,  the  acetate,  ami  the  siilpliocartjolale.  Tlien,  after  ihotr, 
ioluble  2inc  snits,  oxid  and  carbonate.  Of  other  insoluble  metallic  salts 
tlwTC  are  cs^iecially  those  of  bisinuih  and  cerium,  the  Mibnitraie  of  tnsmutb 
■od  the  oxalate  of  cerium  being  mi»t  ci>iiiniciiily  iLsed.  Then  come  the 
ciaitic  salts  in  proper  dilution.  The  nio^it  important  is  silver  nitrate.  Tbco 
the  irao  loltA  in  dilute  solution;  iiuit  sulphate,  about  5^:  fciric  chlorid, 
about  1%. 

In  actual  use,  these  difTerent  nstrirgents  are  frequently  combined.     \Vhelher 

this  has  any  advantage  is  somewhat  difficult  (o  say.      Uetter  results  could  per- 

he  secured  liy  using  only  one  astringent,  since  its  action  could  be  much 

>re  exactly  controlled. 

Tbe  materia  mcdica  of  the  tannins  is  discussed  more  fully  on  page  678. 


(B)  Tlie  therapeutic  value  of  astringents  consists  in  less- 
ening of  the  phenomena  of  chronic  inflammation,  especially 
catarrh  of  mucous  membranes.      Since  their  own  action  is 
^-primarily  an  irritant  one.  they  are  apt  to  increase  acute  in- 
^Hammations,  and  are  not  so  welt  adapted  to  their  treatment 
They  can  also  be  used  on  wounds,  wherever  situated  and 
however  produced  ;    whctlier  from   trauma  or  ulceration. 
They  lessen  the  pain  by  reducing  tlie  congestion  and  swell- 
ing ;  and  where  there  has  been  destruction  of  skin  or  mu- 
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cous  membrane,  they  afford  a  mechanical  protection  for  the 
underlying  tissues  by  forming  an  artificial  membrane  througii 
precipitation  of  the  superficial  proteids.  They  also  tend  to 
diminish  suppuratian  by  rendering  the  walls  of  the  blood- 
vessels less  permeable  to  the  inflammatory  products.  They 
tend  to  prevent  the  furtlier  penetration  of  bacteria,  and 
hinder  their  development  by  rendering  the  culture-ground 
unsuitable.  Many  are  also  directly  antiseptic.  They  luve 
the  advantage  over  pure  anti.seplics  in  a  somewhat  tiuickta* 
effect,  since  they  act  not  only  upon  the  disease  factors,  but. 
in  addition,  upon  tlic  symptoms.  Where  the  two  properties 
do  not  coexist  in  the  same  drug,  they  may  he  secured  by  a 
proper  combination  of  remedies. 

The  antiiffttie  action  of  metnllii:  %a\%*  hnt  been  '«.itfficienlly  discuncd  la 
Chapter  XVII,  C.  We  inay  repeal  here  that,  whilst  aW.  metallic  salts  ue  tnti- 
septic,  Ehejr  tlti  not  iict  ^iiiy  iiK>re  u[h>ii  living  oij^iriiiims  than  upou  ilcwJ  pfO* 
teids ;  consequently  Ihey  will  be  weakened  in  proportion  to  the  amatlBl  rf 
proteiJ  prcscnl.  and  ilic  niajurity  act  only  in  piue  oiltures.  Mercurr  is  (he 
only  metal  which  enjoys  u  itix-cil'ic  tonicity,  \ya\  even  wilb  this,  the  BCtiuu  a 
peally  weakened  by  llie  prewnce  i-f  f<ireigi>  matter 

Ferrous  Sulj^iate,  wliicti  i»  nmcli  ii^ed  in  "disinfecting"  privy  VKutts,  b 
deodarant  rather  than  aniivptic.  Hy  comhininc  with  b^^tth  H.S  and  NH^  il 
iloci  much  to  destroy  disagreeable  odors,  but  without  harmini;  the  bftcteria. 

For  use  on  open  wountis,  ulcers,  ahscessts.  etc..  for  tlic 
astringency  and  a  mild  nutritive  stimulation  leading  to  repair, 
silver  nitrate  is  the  most  useful.  Next  to  this,  the  soluble 
zinc  salts  ;  then  alum.  They  are  used  in  strengths  of  from 
l^%  to  $%.  The  insoluble  astringents  may  be  used  as 
dusting-powders,  or  in  the  form  of  ointments — 5  5^  to  20^. 
It  must  not  be  forgotten  that  absor[)tion  is  fairly  free  from 
open  surfaces,  and  calomel,  bismutli,  lead,  etc.,  must  be 
used  with  caution.  Zinc  oxid  is  qiAite  safe,  and  is  one  of 
the  most  useful. 

The  mucous  vtanbranoi  which  are  easily  accessible  to  the 
local  action  of  astringents  arc  those  of  the  mouth,  conjunc- 
tiva, nose,  genito-urinary  tract,  and  rectum.  Tlie  same 
salts  as  in  the  cast:  of  o[*en  wounds  can  be  used,  as  also 
tannin.  They  are  employed  in  somewhat  weaker  solution, 
as  gargles,  washes  or  injections.  The  usual  strength  is 
from  »^  to  1 5^.  For  vagina  or  rectum,  double  this;  in 
the  conjunctiva  and  nose,  perhaps  one-fourth  of  this.  The 
strength,  as  with  all  local  medication,  must  be  adjusted  to 
the  anatomic  peculiarities  of  the  surface:  It  should  be  very 
different  for  the  cornea  and  for  the  plantar  surface  of  the 
foot     In  the  case  of  tlie  genito-urinary  tract,  irritation  is 
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particuUrly  undesirable.  For  this  reason  non-irritant  pro- 
teid  compounds  of  silver  Iiavc  become  popular  within  recent 
years — Nargol,  Protargol,  Arj^cntimin. 

AstringenU  cau.se  actual  con.striction  of  the  mucous  mem- 
branes, and  may  in  this  way  bring  about  the  complete  dis- 
appearance of  small  polypi. 

In  the  alimattary  (anal  the  astringents  arc  useful  mainly 
in  lessening  the  reflexes  resulting  from  inflammation  ;  i.  f., 
the  vomiting  and  diarrliea 

Against  vomiting,  especially  when  caused  by  ulceration, 
the  insoluble  metallic  astringents,  especially  the  bismuth 
subnitrate  and  the  oxalate  of  cerium,  seem  to  be  the  most 
useful.  These  act  not  only  in  virtue  of  their  astringcncy, 
but  also  somewhat  at^er  the  manner  of  inert  dusting-powder, 
affording  an  artificial  protective  covering  to  the  walls  of  the 
viscu.s  by  adhering  to  them.  Silver  nitrate  Ls  also  some- 
times used  in  doses  of  about  1  centigram  (^^  grain),  dis- 
solved in  water  and  given  three  times  a  clay. 

Their  action  on  diarrfwa  is  entirely  similar.  I^ismuth  is 
again  preferred  ;  .silver  nitrate  is  often  very  useful  in  the 
summer  diarrhea  of  infants. 

The  various  vegetable  drugs  containing  tannin  are  also 
verj'  effective.  Tliey  have  been  u.scd  fur  a  very  long  time 
— at  Ica-st  since  the  fourth  century  B.C. 

The  tiaiure  of  these  tonniiiii  has  already  bem  ducusicd  on  page  21. 
Whilst  they  all  belung  (u  Ihr  nmninlic:  swncs  ntid  present  certain  chrniic 
chmracier»  m  common,  their  similarity  is  cnainly  a  pharmacologic  une,  miing  on 
ihc  ivlriii);;cQt  Bction.  'lliis  is  ctmncclcd  with  a  rcnmrkabtc  pnjpcrly  uf  pre- 
c)pitalin{>  very  manycUs.Ne»  of  !>ub»tancrB — pTotci(l5,  cimnectivc  tissue,  tjctatin, 
u  alfio  many  alkaloids  and  glucosidt. 

There  are.  however,  minor  differences  between  different 
tinnins,  in  the  firmness  and  solubility  of  the  eschars  which 
they  form.  These  differences  may  eventually  prove  of 
great  therapeutic  importance,  but  have  at  present  been  too 
little  worked  out  to  be  utilized.  When  these  tannins  are 
intended  to  act  upon  the  intestine. — that  is,  against  drar- 
rhc-a, — the  pure  isolated  tannins  arc  not  as  useful  as  plant 
extract  This  is  because  the  gums,  etc.,  of  the  latter  pro- 
|tcct  the  tannins  against  decomposition  in  the  stomach. 


.\NTini.\RRHCErCA: 

/.  c,  Medidnes  used  to  lessen  peristalsis.  The  indications 
lor  these  are  to  check  diarrhea,  in  peritonitis,  and  after  ab- 
minal  operations. 
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Diarrhea  is  due  tn  injlammatory  irritatioM,  the  result  d 
faul^  digestion,  dru^s.  or  bacteria  (except  in  the  cast  <A  ^ 
few  poisons  which  stimulate  the  nerves  or  nnuscles  directiy). 

The  ctiohgy  therefore  indicates  treatment  by  :  ( i )  Remm-al 
of  the  irritant  agent,  by  ]>urging.  (2)  Liniilation  of  tlic  pro- 
duction of  the  irritant  agent  by  antiseptics  and  by  reducboa 
of  diet  (to  starchy  food).  (3)  Neutralization  of  the  agent  |in 
cases  of  acid  formation,  by  alkaUes)  :  Chalk,  Calcium  phos- 
phate, I-imc-watcr.      Charcoal  is  often  vor>'  efficient 

The  peristalsis  itself  may  be  diminished  by  : 

1.  Heat,  in  the  form  of  hot  drinks  or  hot  applica- 
tions. 

2.  Demulcents  (Starclics,  Acacia). 

3.  Astringents. 

4.  Drugs  acting  upon  nerves  :  Opium  or  Belladonna. 
The  diarrhea  often  results  in  considerable  tveakening  of  the 
patient,  to  be  counteracted  by  reflex  stimubnts,  as  campbor, 
alcohols,  etc. 

The  principal  Astringents  wliich  are  useful  in  this  connec- 
tion are : 

Vcreubk:  Mloenl: 

Catecbu  Rbatany  Buniuih  mbninte  Alambiiimbydate(lG»)< 

Kino  T<*  '*        w^fslUie  

Hmnatoxylon    Qarrt      Zinc  Oxid.  o.  I  Alum  enema,  1  <(. 

Goto  Tnnnin     Siker  Niiriie  (Pills),  0.01 

These  ue  frequently  osefully  cooibtttcil.  u  in  t&e  : 

^*^&fiifura  teutra  Diarrhaam  I  N.F.I. — (Sun  Ctkolcni  Mixture.)— Kj* 
p«rts  of  TiiiCtujc  of  (Jpiuin,  Caf>»icuiii,  Kb»b«tl>,  Campbor,  FeppcnainL  /"^ 
lu  noc  tcKiipooiifuI.  Or :  Tr.  C>piuni.  Tr.  Catecbu,  Tr.  RbulMirb,  ^  Psff* 
mint,  Uisitiuth  »ubnitrate.  etc. 

Tbe  eHcct  of  the  conHnutd  ailmiMittratirm  of  small  amounts  of  lanniai** 
eonsidrrablr  impottance,  bocaose  they  arc  coiitaiwil  in  a  number  <d  b**"" 
it^e»  ;  o»  tea  and  certain  winei.  Utie  oiu&t  disUit^ui^h  bcft  bclwera  tbr »' 
rcct  irriiaiit  actinD  and  tbe  cbemic  action.  The  mumlniu  action  miy  be*^' 
fovorablc,  ju!<l  aR  in  thr  ni%  of  iron.  On  lite  other  hand,  lat^r  fMB"* 
prove  actually  irritant,  and  very  la^e  quantities  of  pure  tannin  nayle*'  * 
ga&tro-eotcnti>.  ^^ 

Even  small  amounts  of  tannin  interfere  cnmeirliat  with  absorption.  T"" 
is  Uq^cly  due  to  their  precipitatinicproteids.  Bnt  tbe^e  ct.imb«natioDfiK4^ 
decomposed  in  the  alkaline  inleuinc,  so  that  tlie  tnicrfenincc  is  nU  brgc. 

On  the  whole,  one  mny  uiy  that  the  Kmall  quanlilies  of  lanatn  oniia'*^ 
taken  with  the  food  and  dnnk  are  not  injurious. 

The  tannins  are  absorbed  to  but  a  ver^-^  small  amount 
which  is  excreted  by  the  urine.  The  major  part  is  tfcctrf^ 
posed  before  absorption,  with  the  formation  of  a  scries  ^ 
decomposition  products,  amongst  which  gallic  and  pyf^ 

The  most  importnni  prfpafadooi  are  mailed  «*^ 
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JUc  acids  are  especially  prominent. 
that  the  specific  action 


Neither  of  these  is 
tannin  is  a 


purely 


astringent,  so  that  the  specific  action  of 
local  one. 

I  The  insolubility  of  tannin  compounds  has  been  utilized  in 
securing  a  more  prolonged  local  action  of  tht  ktUions.  It  will 
be  remembered  that  this  is  one  reason  for  the  more  lasting 
local  eftects  of  galenics  as  compared  with  alkaloids.  It  has 
been  suggested  to  prepare  such  combinations  artificially,  but 
these  have  not  yet  received  an  extensive  trial. 

All  the  metallic  salts,  the  irritant  as  well  as  the  astringent, 
and  also  the  ve^elable  astringents,  act  as  local  styptics;  /.  r., 
lessen  local  hemorrhage.  They  do  so  mainly  by  the  fomia- 
tion  of  precipitates  which  occlude  the  lumen  of  the  small 
vessels,  just  as  it  is  occluded  ordinarily  by  fibrin.  (Whilst 
the  majority  lessen  the  formation  of  fibrin,  this  is  overcome 
by  the  precipitation.)  Bcsidi-s  this  preoi[)itation,  they  also 
act  by  injuring  the  vessel  walls  in  such  a  way  as  to  produce 
thrombosis.     This  is  claimed  espcciali>^  for  zinc  chlorid. 

It  is  scarcely  needful  to  mention  that  astringents  will  act 
only  at  the  place  to  which  they  arc  applied.  It  is  necessary 
that  they  come  into  actual  contact  with  the  bleeding  vessels. 
They  cannot  act  through  a  lai^e  clot  of  blood,  and  if  such 
exists,  it  must  first  be  removed.  At  one  time  they  were 
used  internally  with  the  idea  of  producing  a.stringcnt  action 
in  remote  places ;  iron  was  given  by  the  mouth  to  produce 
stv-ptic  action  in  the  uterus.  This  was  entirely  irrational. 
Their  action  cannot  even  extend  beyond  the  .stomach,  since 
they  are  precipitated  or  decomposed  in  the  intestine, 

The  indications  for  the  use  of  styptics  are  to  lessen  bleed- 
ing, especially  capillary  oozing.  They  are  sometimes  in- 
jected into  hemorrhoids,  and  have  even  been  injected  into 
aneur>'sms.  Their  injection  into  larger  vessels  is  danger- 
ous, as  it  may  produce  embolism. 

The  most  useful  of  the  metallic  .styptics  are  the  iron  salts, 
especially  the  ferric  chlorid  and  ferric  sulphate.  The  ferric 
chlorid  is  used  either  as  the  .solution,  or  tincture,  quite  largely 
diluted  with  water.  Cotton  may  be  steeped  in  tiiis,  forming 
"stj-ptic  cotton."  Next  comes  alum,  especially  the  burnt 
alum.  Then  the  tannins  in  any  form. 
I  Besides  these,  any  substance  which  gives  a  precipitate 
with  proteidswill  act  as  styptics  in  the  same  manner;  €.g.> 
dilute  acids  in  concentrations  which  need  not  be  at  all 
Lcaustic   (vinegar  and   lemon  juice).     Quite   a   number  of 
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purely  mechanical  measures  favor  the  fonnation  of  clot; 
for  instance,  ordinary  cottoti  or  Pengawahr  Djambe  (this 
also  contains  tannin).  Cobwebs  also  furm  a  popular  and 
vcr>'  eficctivc  measure  for  producing  the  same  result,  but 
are  unfortunately  very  septic.  One  may  obtain  the  same 
effect  by  fine  powders  which  have  a  strong  attraction  for 
water.  In  case  of  emer(^cncy  powdered  or  granulated 
sugar  is  a  good  styptic,  and  at  the  same  time  aintiseptic 
Other  styptic  measures  are  position,  raising  the  limb  and 
keeping  it  quiet  so  as  to  reduce  the  local  congestion  ;  local 
pressure  ;  depression  of  the  vasomotor  center  by  narcotics  ; 
direct  constriction  of  the  vessels  by  the  application  of  cold, 
or  by  drugs,  such  as  cocain,  suprarenal  extract,  hydras- 
tinin,  etc. 

Sweatinjc  Feet:    Besides  hygienic  treatment,  the  condi- 
tions arc  met  by : 

/.  Acids  (see  p.  66fi). 

2.  Astringents:  Silver  nitrate  io%.  painted  on  repeat- 
edly until  the  skin  is  destroyed.  Other 
astringL-nts.  I  to  5  J^  solution. 
j»  Antiseptics:  Boric  acid  (saturated  solution). 
Potass.  Permanganate  (i  :  1000). 
Salicylic  acid  10  :  90  Talcum  or  Zinc 
Oxid 

(C)  MATERJA  MEDICA  OF  TANNINS. 

(For  Ihe  crude  drugs  see  Table  oa  page  6Sa ) 

J*^Aeidu»N  TiiHuicum  {V.^.V.,  B.P.). — {TnHmn,  Gall^tannic  Arid,  Di- 
gaflit  Adtt.) — HC,,H,Ob.     E*rq)ared  rrotn  nutgnlls.     Soluble  in  i  put  wiier, 
I  part  j^tycenn,  0.6  pan  ulcobol.     Almost  insoluble  io  ether  or  chlorofonn. 
£)iitt :  0.06  til'  \,z  Cim.  (I  tu  20  graitut). 
Prtfaraiians  ; 

Co^/Miiam  Sryf/i^ram  (U.S.?.). — (20%.) 

TrotAijfi  Ariiii  Titnnici- — U.S.  I'.,  each  o. 06  Gm.  (=.  I  graio)  Taania; 

B.P.,  each  0.03  Gm.  (=:  ^  Rraln)  Tannin. 
VfigutHtnm  Acidi  7dnfiiW  (U.S.P.).~~20^  tu  Bcnz.  Lud. 
M*,  Giy<eriium  Acidi  7<i««rW  (U.S.P.,  B.P,>.— iojt. 
Suf't'osit'sria  At'idi  Taitnin  (B.P.). — Each  ox  Gm.  (3  gn^ns)  of  Tan- 
nin. 
*TanHal:    An  insoluble    Aluminum   Tan-    Tbe»e     pass     the     Btonach 
note  \     wilhTejry  liilledeoooipaa- 

*TaHt$a/h'ft:**         "  Albumin-Tannin  f     tion.     They   are  given  Io 

Precipilale        j     adults   in  dfit^t  tilt  to   $ 
*TaMHai'a/:   "         "  Gelatin  -Tannin  I     Cm.;    diildren,  0.3  to   I 

Precipttale  Gni. 

A^dum    Ga/Ucm   (US.P.,  B.P.). —Gallic  Add.  —  C^|(OH),CO^H. 

*  Not  official- 

The  moit  im|>orUnt  preparations  are  marked  ,*^ 
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Ocnrri  in  miay  plants,  u<iually  wilh  tannic  arid.  Prepared  by  boilir^;  tannin 
with  dilute  acids.  It  doct  m<.-/  precipitate  alkaloids,  atbumm,  or  glue,  /^tuc .' 
0.1  10  0.6  Gin.  (2  to  12  grains}.  Externally  as  astringent  (i%),  but  acts 
weaker  titan  tonntn.     Soluble  in  too  pan»  wnler,  5  parts  alcohnl. 

PyrogaUot  (U.S.P.J.— (I'yrogalltc   Acid.)— C,H,(OH|,.     Soluble  in   I.7 
parU  water,  in  I  part  alcoltul. 

■  7.  THERAPEUTICS  OF  CAUTERIZATION. 

■  Cauterization — the  destruction  of  tissue — is  employed  : 
^L  (A)  For  removal  of  tissue  or  destruction  ofsubstancc ; 
B  I.  In  case  of  poisons — snakc-bitc,  etc. ; 
^^^^^K               2.   Removal  of  patliologic  tissue  ; 
^^^^H               3.   Depilatory ; 

^^^^^H  4.   Cic^itricial  contraction  of  hypertrophy ing 

^^^^^H  mucous  membranes  (nose,  etc)  ; 

^^^^^H  5.  Nerves  (teeth) ; 

^^^^^^  6.   Indolent  granulations. 

^^V         (B)  Counterirntation. 

I       In  very  many  cases  the  chcmic  cautery  has  been  replaced 
by  galvano-  and  thermocauter)',  which  are  more  prompt 

tand  permit  a  more  exact  limitation  of  tlie  cauterized  area. 
On  the  other  hand,  the  slower  effect  of  chemic  caustics  is 
of  advantage  in  permitting  a  graduation  in  the  strength  of 
the  action,  or  in  confining  it  to  certain  tissue  elements. 
Pathologic  formations,  being  le.ss  staple,  arc  in  this  way 

•  more  profoundly  altered  tlian  normal  tissue. 
The  caustics  may  be  applied  in  solid  form  (sticks,  or 
fused  at  the  end  of  a  probe),  in  paste,  or  in  solution — the 
first  being  tlie  mt>st  strictly  localizable,  the  last  the  most 
diflfuse.  In  the  latter  case,  or  when  the  eschar  liquefies,  the 
surrounding  ti.ssue  sliould  be  protected  by  court-plaster. 

TABLE    OF    MOST    IMPORTANT     CHEMIC    CAUTERIZANTS, 
AND  THEIR  USES.' 
Acidum  Nilriciim  :  O1  glass  rod.    Wans  and  local  tubercles. 
Acidum  Chrumicum  :   Fused  on  probe  (4). 
Acidum  I.3Ctirum  :  On  Collnn.     Tuherrulosis  tiasoe. 
Acidum  Triclilnraceticum:   On  Cotton  i2).      WartS. 
Acidum  Carlxilicum  :   Flcslructiun  of  infected  tissues. 
Pola.ua:  Slick. 
Calx:  Paste  (3). 
Fotasaa  cam  C^ce  ;  Paste. 

.Soda:  Stick.  ' 

Argcnti  Nitras:  Slick  (4.  6). 
Zinci  Cliloridum  :  Solution  f6). 

Cupri  Sulphas:  Crystal.     Ulcers  of  conjunctira,  taiynx,  etc 
( ComltHufd  ON  fagt  6Si. ) 
*  Nambers  refer  to  indicaiioni  in  preceding  table. 
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Liquor  Hydrmigyri  Nitmtis  f  ^^«*«  ***^^ 

Aadum  Anenosum:  DentiJ  nerve.     (3.5  mg.— ^  gnin — ■&  cavkf, 
guarded  by  cotloo.) 


8.  STRENGTH  OF  MOST  USEFUL  SOLUTIONS  OF  ASTRING- 
ENTS AND  ANTISEPTICS. » 


Neutral  SaUs  : 
Sodii  Chloridoin  . 

AlkalUs: 
Sodii  Bicaibon.  . 
Sodii  Carbonas    , 
Potassli  Caxbonas 

Sulphids: 
Pot  sulphu»t    . 
Acids  (Mineml)  . 

Haieids: 
lodiQ 


Touching 
Ulcbbs.  Gar- 
glbs,  rxctai. 
and  vaginal 

iHJXCnOMS. 


'J6 


0.2  to  ij( 


0$% 


o.\un% 


MetaiHe  Saltt: 
Ziuc  Sulphate  or 

Sulphocarbolate     1.5  to  I  J( 
Mercuric  Chlorid  0.05  to  a  I  ^ 
Liq.  Plumbi  Sub- 

acet.   Dil.     .    .  Full  strength. 
Silver  nitrate    .    .      0.5  to  $% 
Tr.  Ferri  Chloridi  Io%  (ofTr.) 
Alumen  and  Alum 

Salts     ....  3% 

Cupric  Sulphate  .  I  ^ 

Lead  Acetate  .    ,  Ifjf 


Tannins  : 
Tannic  Acid.   .    . 

Miscellaneous  : 
Boric     Acid,     ot 


«to3j6 


Urbthral  Im- 

JBCnONt    AND 

Bvx-WAaaa& 


0.9% 


aa^ 


aSJt 


ax  to  0.4^ 
ao25j6 

Full  strength. 
a2  to  0.5)6 


0.5  to  aj( 


BA-rm  (Gm. 
PBR  Bath,  aoa 

LiTBKS— ao 
Gal.). 

4  Kg. 


100  Gm. 
100  Gm. 
100  Gm. 


SotoisoGm. 
30CC  (lot.) 


Borax  ....     4%  (sat'd) 

2%  {%  safd) 

H,0, X  *°  )4  liquor. 

yi  liquor. 

Pot.  Fennangan.          I  to 2% 

o.A% 

Glycerin   ....           20% 

\o% 

Carbolic  Acid  .    .            I  ^ 

0.2% 

Thymol,  Essential 

Oils Saturated. 

Saturated. 

Watery. 

Watery. 

Alkaloids  : 

Morphin  .... 

0.2 

Most  Alkaloidsfor 

Eye 

0.5  to  I  % 

PooT-wn 
(5Lrmi). 


30to5»C=X. 


^  (I  %  =  5  grains  per  onnce.)     When  sevenl  are  combined,  the 
each  must  be  correspondingly  decreased. 
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Batht:  Usually  taken  in  the  evening'  brfore  going  to  bed.  Met&l-lined  tubs 
must  be  svoided  fur  medicated  baths. 

GargUs  :  Nu  toxic  substance  f^huuld  be  used,  ciq^ecially  with  children,  nn  ac- 
couiii  of  the  danger  uf  swallowing.  The  meiallic  salts  atlivck  the 
leedi,  so  that  they  cannot  be  employed  fur  n  lung  time. 

UrHhral  iHJdtiana :  Always  have  the  patient  uiinale  jiuil  before  injecting, 
to  remore  bacteria.  l>et  injection  remain  at  least  one  minute,  then  let 
Sow  out,  but  patient  should  not  micturate  immediately  after. 
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IRRITANTS  (Continued). 

9.  VOLATILE  ORGANIC  IRRITANTS. 

Aky  substance  which  is  volatile  will  penetrate  cells  in 
virtue  of  this  property.  Not  being  a  normal  constituent 
of  protoplasm,  it  will  act  as  a  "molecular  foreij^n  body," 
and  cause  irritation,  just  as  gross  foreign  bodies  cause  irrita- 
tion when  introduced  into  the  organism.  Their  action  may 
therefore  be  looked  upon  as  purely  physical,  and  as  con- 
nected with  their  volatility. 

Many  volatile  irritants  have  already  been  studied,  and  it 
is  only  necessary  to  review  them  by  name.  Tlieir  main 
action  is  the  same  as  that  which  will  be  studied  more  in 
detail  below. 

Volatile  Irritants : 

1.  Fatty  Si-rUs:  Alcohol,  Ether,  Chloroform.  Petro- 
leum, etc. 

2.  Artmtatic  Scries:  Henzol,  Phenol,  the  Aromatic 
Acids,  etc. 

3.  Volatile  Acids  (Acetic,  Formic,  etc.)  and  Volatile 
Alkalies  (Ammonia). 

4.  "  Organic  Volatile  frritatits" 
The  organic  volatile  irritants  may  be  divided  into  two 

groups : 

1.  Those  acting  only  in  virtue  of  tlicir  volatility — 
represented  by  Turpentine. 

2.  Those   having  a  specific  action — represented  by 
Mustard. 


(A)  TURPENTINE  GROUP  (VOLATILE  OILS). 

1.  General. — This  comprises  the  great  majority  of  vola- 
tile oils,  botii  those  which  arc  hquid  at  ordinary  temperature 
(eleoptenes)  and  those  which  are  sohd  (stearoptcnes). 
Examples  of  the  latter  are  camphor,  menthol,  and  thymol. 
The  chemistry  of  these  oils  has  been  referred  to  in  Chapter 
XXI,  A.  They  differ  only  quantititivciy  in  their  action. 
To  this  group  may  also  be  added  the  balsams  and  natural 
resins,  since  tliese  contain  volatile  oils. 

The  action  of  volatile  irritants  occurs  along  the  same 
general  lines  as  with  the  fixed  irritants.  They  penetrate 
more  readily  and  have  a  deeper  action.  They  therefore 
cause  a  more  profound  sensory  stimulation  for  a  given 
amount  of  caustic  action.  The  latter  is  very  weak  or 
entirely  absent  with  the  volatile  oils — they  cause  at  most 
inflammatory  necrosis,  not  chcniic  ctirrosion.  The  scnsor>' 
stimulation  is  commonly  followed  by  anesthesia. 

Certain  of  these  oils  affect  nerves  in  a  specific  manner; 
many  act  as  favors  (see  Chapter  VI,  R)  ;  otiiers  (menthol) 
cause  a  specific  stimulation  of  the  co/d-ricn'cs. 

2.  Their  action  on  the  olfactory  nerves  makes  them  rapid 
and  effective  reflex  medullary  stimulants,  producing 
slowing  of  pulse  and  rise  of  blood  pressure.  Very  strong 
vapors  cause  respiratory  tetanus. 

This  use  of  volatile  irritants,  as  compared  with  str>'chnin, 
was  discussed  on  page  194.     They  are  especially  useful  in 

The  more  ser\'iceable  for  this  purpose  are  : 

Ammonium  Carbonate  ;  best  as  smelling-salt 
Acetic  Acid  ;  best  as  aromatic  vinegar. 
Ether  ;  best  as  Spiritus  44itl»eris. 
Any  pungent  substance  will  answer  in  an  emergency ;  the 
burning  of  a  feather  under  the  nose  of  the  patient  is  a  stan- 
dard household  measure. 

3.  Substances  which  produce  sneezing  (sternutatoria  or 
errhifu's)  did  in  a  similar  manner,  but  have  rather  passed  out 
of  fashion.  They  are  sometimes  also  useful  as  local  coun- 
terirritants  in  nasal  catarrh. 

Amongst  these  may  be  mentioned : 

Tobacco  Snuff.  Soap-bark  or  other 

Saponins. 
Vcratrin  I  :  lOOO  Starch.     Pepper. 
Ipecac.  Euphorbium,  etc. 
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4.  Hysteric  Sedatives. — Certain  of  these  oils  have  been 
found  erapirically  to  possess  a  remarkable  action  in  hysteria. 
Although  we  cannot  furnish  any  explanation  for  their  effect, 
it  can  scarcely  be  doubted  that  it  really  exists.  These  sub- 
stances have  for  the  most  part  a  pronounced  odor — dis- 
agreeable to  most  normal  individuals,  but  apparently  ratlier 
grateful  in  hysteric  conditions.  The  effect  appears  to  be  titd 
to  the  odor;  valerianic  acid  is  effectual  only  in  proportion 
as  it  retains  the  smell. 

The  most  important  of  these  remedies  are; 

MATERIA  MEDICA  OF  ANTIHYSTERICS. 

ValeTianm(l'S.V.)  nWrruiMT  /fAhfima,  (B.P.)].—VilCTiMi.— Rhizome 
and  roou  of  Volcriatia  omcinolu  ;  Vnleriaiucesr. 


Europe  and  Northern  Aata  ; 
VnleriuQic  and  other  i>Tganic  acids; 


Coltivatcd. 

Ci/nUitufHii :  ^  lo  2jl  volatile  oil. 
Tannin  and  Resiiui. 
PrrfaraUons  ; 

Extrottum   Vattriauif  FiuUum  (U.S.P.). — Three-fourths   alcohol,  wiih 
5%  Ammonia  water.     Dose :  0.6  to  2  c.c.  (10  to  30  minima). 

Timtura    VaUriana-   (U.S.P.}. — »J^.      Three- fbartha   alcohol.      D*st: 
^  S  10  8  c.c.  i%  lo  2  dmchou). 

,*,  Tmrtura   fa/ertatur  Ammoniata    (U.S.P.,    B.P.). — ao%    (with  Aio- 
DiAtic  Spirit*  Ammonia).     DtHi- ;  As  ihe  Tincture  (diluted). 

Valerianates. — The  Jitst  is  0.6  to  1  Cm.  (l  to  15  grains). 

SOMmiLITV: 
\ti  Watbr.         Im  Alcohol. 


^^Ammonif  f'a/tV7difdJ(U.S.P.]  Verj*  stdublc. 
*Sm/u  yaleriauus      Very  ■ 


Ferri  fa/maHOS  (US.  P.) 
Zimti  iaUriaHM  (U.S.P..  B.P.| 


Very  solable. 
Very  soluble. 
Soluble. 
40  parts. 
5  parts. 
Readily  snlttble. 


I 


ery  soluble. 

Insoluble. 

too  part3. 
Quinina  Valtrianas  (U.S.P.l  .  lOO  parts. 
*Atidum  f-a/fr7Wif/f««,H,C,H,0,    30  parts. 

Asafatida  (U.S.P  ,  B.P.), — A  giim-resin  from  (he  root  of  Ferula  fccb'da, 
UmtMrllifer.e.     TurkcMan  and  ArghiuiisUin. 

CiffittiturtUi :  3  109%  Volatile  oil  ;   20  \.o   1,0%  Gum  ;  4,5   to  J<i%  Resin. 
(The  alcoholic  preparations  yield  turbid  miiturcs  with  aqueous  liquids. ) 
Frrf^a rations  : 

SfiirHut  Ammffnia  Fatidus  (B.P.).— 7-$^-     Dt$e:  4  cc.  fl  drachm). 

F.mmlsum  Asa/artuU  (U.S.P.).— (vW/*  of  Atafitida.    Atafetida  AfLrfure,) 
Four  parts  rubbed  with  icx>  parts  water.     Dint:  15  to  30  c.c.  Oi  to  I  ouiKe). 

^%  TtHttura   Asafatida  (U.S.P.,  B.P.). — Vi%    alcohol.     Das< :   3  to  4 
CC  (?3  lo  I  drachm). 

,%  Pilutfc  Asaftrtida  (U.S.P.).— 0.2  Gm.  (3  grains).     Dosf:  i  lo  4- 

Pil.  Aleri  et  As.i/trtiJ,r  (U.S  P. ).  —0.09  Gm.  each  .'Vlocs  aivd  Asnferida. 

Pil.  Alea  tl  Ataftrtida  (B.P.). — Dtut:  0.35  to  0.5  Gm.  (4  lo  8  gniini). 

Suinbut   (U.S.P,,   B.P.).— (J/ii/i  Root.)     The  root  of  ferula  Sumbnl. 
L'mKrIliferre.— Central  Asia,     Dose;  0.2  to  0-6  Gm,  (3  lo  10  grains). 

Ct'iitittifM/j :  Volatile  Oil,  Renins,  Valerianic  and  other  acids. 

TinetHrn  SmmM   (U.S-P.,   B.P.).  — lo-f.      Two-Uiirds   alcohol.   Dctt: 
4  to  I  s  cc  ( I  to  4  drachma). 

*  Not  official. 

1  he  most  important  preparations  are  marked  «*^ 
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* SymplocarpuB. — i StunkcaMagt.')  Root  of  STtnplocupm  (icrtidin, 
Annide.t.     Nonh  America.     Dits/  :  0.3  lo  1  Gin. 

Moschus.     See  piigc^  131  ami  466. 

*  Cataria.— ( Catmp. )  The  herb  of  the  Neprta  Cauria,  Labiatx.  North 
Ameiica.     Volfltileoil.     Aw.   1  to4Gm.  ( '4  to  i  drachm). 

Oleum  Erigerontis  (U.S.P.). — The  vulattlrotl  frum  the  hrib  Erigtroa 
CatuidvDK  (tlrauane) ;  Coniposiuc.  North  America.  Dvie :  0.3  to  I  c.c.  (5  lu 
15  aiaiiDs). 

5.  The  action  of  essential  oils  on  the  skin  is  mainly 
one  of  sensor)'  irritation.  The  inflaniiiiat'.jr)'  action  di:)es  not 
usually  exceed  the  stage  of  rubefaction.  They  arc  therefore 
especially  useful  when  a  strong  sensory  irritation  without 
destruction  is  required,  as  in  rhrmiic  rhi'vmatism  (Turpen- 
tine), or  muscular  strains  tvui  htflamtnatoty  sxceUiugs  (\\'itcli- 
luzcl,  Arnica).  They  furni  valuable  additions  to  liniments 
(1  part  oil  to  10  parts  liniment). 

6.  They,  and  particularly  the  baKams.  cause  a  useful 
stimulation  uf  wounds,  ulcers,  and  mucous  membranes. 

For  ukers.  Balsam  Peru  or  Copaiba,  applied  on  lint,  or 
Tr.  Myrrhaf,  ei^ht  timt'S  diluted. 

Of  inllanimations  of  mucous  membranes,  those  of  the 
urethra  are  most  often  treated  by  these  oils.  Tlieir  use 
here,  however,  rests  more  u|)on  tlieir  antiseptic  properties, 
for  all  members  of  the  group  are  germicidal.  They  have 
an  advantage  over  most  other  antiseptics,  in  thai  they  act 
on  the  urinary  passages  even  when  taken  by  the  mouth.  In 
this  way  they  disinfect  the  whole  course  of  the  urinar)'  tract 

They  are  for  the  most  part  excreted  combined  with  gly- 
curonic  acid.'  These  combinations  retain  the  antiseptic 
and  irritant  properties  of  the  original  oils.  Tlie  oils  mosl 
commonly  used  in  the  treatment  of  specific  urtrthritts  and 
cystitis  arc :  Copaiba,  Otbebs,  Sautal-  Wood,  Matt£0^  Tirr- 
pcntine. 

It  has  bees  shown  that  urine  from  patients  treated  wiUi  cnpaiba  b  fatal  \t 
gocwoocci.  and  ihJK  holds  probably  for  the  other  oils.  Kooe  the  leas,  the 
urine  is  still  a  good  culture- medium  for  othct  bacteria. 

Sodium  Salicylate  or  Bcnzoate  is  used  for  the  same 
purpose,  as  also  Uva  Ursi.  (The  last  contains  a  glucosid. 
arbutin,  which  is  excreted  as  the  antiseptic  hydrochinon.) 

7.  The  first  place  in  which  these  nils  will  exert  their  irri- 
tant action  when  taken  by  the  mouth  is,  of  course,  in  the 

>  These  combinaiions  are  very  frequently  nuBlaken  fof  sugar,  smccslTt*- 
nnuc  acid  gives  Febhng's  reaction. 

*Noloflicul. 


\ 


I 
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Jimcntary  canal,  where  they  will  cause  a  more  or  less  acute 

'gastro-enteritis.     Tiiis  interferes  to  some  extent  with  their 

therapeutic  employment,  but  it  can  largely  be  averted  if 

they  are  given  on  a  full  stomach.     The  addition  of  pepsin 

also  seems  to  diminish  this  cfTect. 

The  £utro-ent«Titu  it  also  amost  prominent  symptom  in  general  poisoning. 
As  in  the  cm>e  of  other  irritant  potanning,  it  lends  in  ronge<innn  of  (he 
■bdomi&al  organit,  and  thus  certnin  members  of  this  ^ri^up.  especially  tnnsy, 
Mvin,  pennyroyal,  and  rue,  ate  {x^ulaily  umkI  as  ecbollcs,  frequently  with 
fatal  results. 

The«e  oils  u  well  at  those  of  Musafras,  rosemary,  aod  thymol,  cause  fatty 
degeoenilion  of  organii  (see  p.  646). 

8.  Durinij  the  course  of  their  rvm-fu'/t  they  exert  tlioir 
irritant  action  on  the  kidneys  and  respiratory  passages, 
leading  in  strong  degrees  to  nephritis  and  bronchitis.  Milder 
Stages  of  this  action  nia>'  be  useful.  The  action  upon  the 
kidneys  cspeciall)'  results  in  liiiiresis,  which  is  quite  fre- 
quently utilized.  This  is  one  of  the  rca.sons  why  the  tea 
Species  arc  more  active  in  this  respect  than  is  hot  water 
alone.  Juniper  in  the  form  of  gin  also  enjoys  a- consider- 
able reputation.  Turpentine  has  been  employed,  but  it  is 
better  given  in  the  form  of  terpene  hydrate  (  —  turpentine 
4-  3HjO),  since  the  action  of  the  latter  can  be  more  exactly 
controlled,  and  is  more  agreeable  to  the  patient. 

9.  The  excretion  through  the  nspiraiory  organs  may  also 
be  at  once  stimulating  and  antiseptic.  These  substances 
have,  therefore,  been  used  in  tuherculosis,  fihrimiis  ptuu- 
woma,  and  as  expectorants  in  chronic  bronchitis. 

Turpentine  prevents  experimental  tuberculosis  in  do^  but  it  has  not  been 
fhown  that  it  is  curaiivc. 

Turpentine  also  diminishes  the  secretion  from  the  bron- 
cliial  mucous  membranes  in  a  specific  manner,  and  is  there- 
fore useful  in  certain  cases  of  cough  and  in  asthma.  Ter- 
pene hydrate  is  to  be  preferred. 

T^e  valae  of  et.'vnlml  oils  {particularly  those  enumerated  as  urinary  nnti- 
leptin)  in  chronk  inflammatlona  of  all  sorts  has  been  abundantly  proved 
by  clinical  obsenations  and  labocatory  experiment.*!.  They  are  much  less 
UMrfnl  in  acute  inflammalnry  conditinns.  Their  action  iia  partly  explained  by 
their  aseptic  and  irritant  qimliliefi.  But  the  fact  thai  they  also  les.ien  aseptic 
inflanuoatioQi  at  points  remote  from  tlie  site  of  their  application,  i.  r,  llirtrngh 
the  blood,  shows  that  there  is  somrwhal  s|>eci6c  in  their  nrlion.  They  effect 
ibis  result  by  les.*ening  (he  formntinn  of  exudates  and  by  hastening  iheir 
ah«oTp(ion.  The  explanation  probably  licii  in  a  chcmotaxis,  an  atliacti>>u  for 
Irocucvtes.  In  this  way  they  withdraw  these  cclh  from  the  inflamed  area  into 
the  blood. 
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10.  After  their  absorption  Uiese  oils  have  an  eflect  upon 
the  central  nervous  system  related  to  that  oTcartxiUc  addj 
or  camphor. 

Tlic  majority  [valerian,  fennel,  chamomile,  eucalyptus,  mini,  n»emai]^J 
turpciiline)  diminish  i\k  rrtlex  excilmbilily,  «o  that  laige  dows  will  entirely  p«*- 
vent  iitiyL-linin  cuiivulaii>n»  in  rnbbili.  The  elTcctive  doses  are,  howt-ict,  e»- 
tiitrly  too  lar^fe  to  make  it  (XMsible  to  employ  this  action  in  maiL  It  may  aid 
in  ihe  lessening  of  the  aitncks  of  pertuaiit  by  creosote  and  lurpendne.  inhaled 
with  5leam. 

Tliiii  (lrpre<i>>ton  )•>  preceded  by  more  or  less  cumulation,  the  diffierent  oili 
varying  {^really  in  thi»  respect.  The  habitual  use  of  atautit  prodocca  •  pecu- 
liar imtabilily  of  the  motor  areas  related  to  epilepsy. 

If  lbc»e  oils  are  injected  hyfoJrrrMually  they  produce  at  first  the  reflex  action, 
and  in  a  more  marked  degree  than  when  they  are  applied  lothe  suriace  of  tha  i 
skill.     Later  their  systemic,  and  >till  later  the  renal,  actions  take  pUc«. 

MATERIA  MEDICA  OF  TURPENTINE  GROUP. 

Strictly  speaking,  this  group  coDipriMfs  practically  all  the  volatile  oils  and 
$tearoptcr>cs,  and  the  drugs  from  which  ihry  arc  dcrircd.  CcriAin  i.A  ihcac  arc, 
however,  used  mainly  or  exclusively  for  other  propenies,  such  ts,  Haviiring,  aa 
carminativeSi,  as  plasters;  etc.,  and  will  be  studied  under  other  hcodiitgs,  u4 
will  at  most  receive  mention  by  title  in  the  present  pamgraph. 

The  oils  of  the  Turpentine  gnmp  nre  best  nbdividcd  according  to  the  lafi- 
calions  for  which  tliey  are  nio^t  frequently  employed. 


1.  Qeneral  Cutaneous  Connterirritantt  (RubeCacieQl*).* 

For  this  purptx«e  Ihe  oils  are  usually  employed  ns  linimeota,  dilnled  with  3 
to  10  vo1iime»  of  alcohol  or  a  fatty  oil.  rhry  air  incompatible  with  water. 
Taken  internally  the  i/oM- is  0.05  to  0.3c. c.  (I  lo  5  minima). 

^*^OlrHm  T^rr^infAiMa  {V.S.F.,  B.P.).—{Sj>intJ  0/  TtrrftnttMr.)  A 
volatile  nil  (a  mixture  of  sevenl  isomeric  hydrocarbo&s  of  the  fbrtBuU  C|,H„] 
obtained  by  distiilotion  from  Turpentine. 

Trr^hin/Aina  { U. S  P. )  [  Tkut  Amrrifa»um  ( B.  P. )] ,  T^rfirnfmt,  '  U  ■  teiHA 
oleoresin,  obtained  from  vnrious  pii>e«  1,  Pious,  Conifrnr ;  Unifctl  Statca  vA 
other  couutriesl.     The  reitidue  left  aitcr  the  di^tllaliun  i>  "  Rosin.  " 

Another  prepaT«tiini,  Oleu»H  Ttrhinthina  Rte^tijicattitm  [  U.S.  P.).  is  aaA 
by  distilling  the  oil  over  lime-waler. 

Turpentine  Oil  is  insoluble  in  water,  soluble  in  3  volanct  of  alcnbal,  am) 
in  all  proportion)  of  oilo. 

It  is  employed  txUrnaUy  in  linimenls. 

It  is  used  as  a  r/fc^  aud  m  iw/i>r  in  bronchitis  (tcupoonfut  lo  tablcsfuoc- 
ful  for  pint  of  hot  water). 

It  \s  alnn  somelime<;  taken  internally  against  respinatory  and  nrinary  disoaes, 
but  had  l>est  be  replaced  by  Terpenc. 

As  AnihelmiHtie  it  i^  given  in  doses  of  2  to  \%  c,c.  (K  to  4  dnaduMV 

Oil  of  Turpentine  undergoes  ittnw  rhange«  on  expnsarv  to  tSe  arr,  becon- 
Ing  MoniuJ.     This  is  u«ed  as  an  antidote  in  phosphonu- poisoning  ise<  p 
649). 
Prtp^raliont  : 

*^Limmtntnm  Ttrtbi^kina  (U.S.P.).— Tiro  puis  Oil  of  TnrpCBtaK,  C  j 
of  Re«in  Cerate.     (U.P. ,  contains  Otmphor.) 

'  Coal  Oil  may  also  W  counted  ■□  tins  group,  in  regaiU  to  its  actinn 
•By  "Turpentine"  i<(  popularly  meant  the  oil.  not  the  oleorcsm. 
The  most  important  preparations  are  mariicd  «*,. 
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Linimfmrum  Ttrebinikina  Aifticum  (B.P.). — CoDi&ins  Cunpbor  and 
Acetic  Acid. 

•  Emuftia  OUi  Ttrthinthina  (N.F.).— J  :  8. 

rix   Li^uida,  iec  l^age  389, 

OUtitn  l-.rixtrvnfu,  '•ct-  J«ge  686. 

OUum  CojM/ufi  (U.S.  r.)- — From  \curcs  of  A/ffa/ruea  teuca^ffm/nm,  Myr- 
lacese  ;  Ea»t  Indian  Islsitds. 

Oleum  fipuNiirini  (US.  P.,  B.I'.). — From  leaves  of  JiosmarmHS  o^cittalUt 
lAbiaot;  cultivated  in  lempcralc  zone. 

ArMUir  Floret  (U.S.P.j.— From  Arniia  mitttiiHa,  Composite;  Europe. 
C^^ntaitiH  a  TC^alile  nil,  hiuUI  (tuantiUca  of  volatile  scid>,  and  an  acrid  bitter 
principle.     Uwd  exiemDtly  as 

,•»  TiUfiMta  ArHi«t  Flomm  (U.S.P.).— 20?f .     One-bnlf  alcohol. 

Amidt  A'aJix  (U.S-P.,  B.P.)  U  »iniiUi  to  tb«  Aowcr^  in  composition  and 
action. 

»•«  T^Hctttra  Amicm  (B.P.). — ^%  in  threefoorths  alcohol. 

J^^Afuti  tfamitmtliJu  Spirituoia  (N.F.)  \_Liquor  iJamamflidii,  B.P.I, 
— (Wilch-liazd  Waier,  Wiicn-hatel  Kxlract. )  Made  by  diMilHng  the  fieaa 
twigs  of  iiamamelh  VirgintaHa  (see  p.  680)  with  /Jf  alcohol. 


1.  Uacd  Especially  for  Stimulation  of  Ulcers. 

Tbete  compriK  the  balsams — mixtures  uf  rciiin.^,  vulatile  oils,  and  arcMnatic 
(antise^'lic)  acid^.  They  arc  viscous,  lo  solid,  and  arc  employed  a»  alcoholic 
Milutioob.  The  evB|H>Talion  leaves  a  protective  and  stimulant  coating  of  the 
ljal>4m 

^^BahamuM  Ptrtcfhnum  (U-S-P.,  B.P.). — A  thick  balsam,  obtained 
from  Tahtiftra  Pcrtira,  LegumitMMie;  Centra]  America.  Dtue :  internally, 
0.5  to  2  c.c.  (10  to  30  minims). 

^^Myrrkti  (U.S. P.,  B.P.). — A  wilid  gum-resinobtained  from  Cemmipkora 
Myrrka,  Burneraccx  ;  Africa  and  Amhia. 

^•^Timtura  Mn^Ji'^  (U.S.P.,  b.F.).—30%  in  alcohol.  Externally, 
diluted  with  5  to  lo  iri>tum)r<i  of  water. 

Myrrb  is  also  a  cartniuaiivc,  and  will  be  mentioned  on  page  715. 

StyrtLx  (U.S.P-,  B.P.). — ^A  tbitlc  baLuim  ohtaineil  from  Liquidamhar 
m-imlalis,  Hamamelacea; ;  Asia  Minor  Dae:  tntemolly  as  the  Balsam  of 
Peru. 

BenMinum  (U.S. P.,  B.P. ). — A  solid  bal ram  obtained  from  Slyrax  Benmoim^ 
Sryrncex  ;  Sumabra,  etc.     Volatile  Oil,  Benzoic  and  Cinnamic  Acids. 
PffptirAtifiHs  : 

Ttmtura  Benzoini  (U.S.P.). — ao'if  in  alcoliol. 

,%  TinetHra  Bettioini  Comfvsila  (U.S. P..  B.P  ). — [ Friar' i Balf am,  Tur- 
iingtfm's  Balsam.)  (Mainly  used  internally  as  carmiiuiLire  and  purgative.) 
Omtainft  Benxotn,  Slunu,  Tolu.  and  Alocik  Doit:  3  to  4  c.c.  (^  to  1 
drachm). 

The  arif;inal  formula  was  more  complicated.  It  may  be  found  id  the 
Natiorul  Formulary  01 

•  Mif/Mra  OUo- BalMmtea  (N.F.).— An  alcoholic  wlutton  of  volatile  oil* 
aiul  B^sani  of  Peru. 


3.  Uacd    Mainly    as    Cauierisants    to    Kill  the   Nerves  in  Caxioui 

Teeth. 

Amongst  tbc^e  may  be  counted  the  oils  of  Cloves,  Cinaamoo,  Sassafras, 
[CJaultbrrja  iCreosote),  etc. 

*  Not  oflScial. 

The  moal  important  prrparatiDDs  arc  nuuked  ^^ 
44 
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4.  Used    Mainly  as    RcBex    Stimulants,  tbrou|fta  their  Odor,  or   for 
Sponging  the  Skin  in  Fever. 

Here  belong  the  various  arumatic  oils,  usually  employed  ia  alcoholic  kIb- 
tioo.    The  folfowiiig  uiiulfidal  mixtures  are  uselut : 

*  Mfftum  Arffmaiicum  (N.F.)  j 

•  Titu/ism  Aromaiita  (N.F. )  j 
and  the  following  official : 

Tinctura  LavanduU  Ctmp^ita  (U.S.?..  B.P.)< 


Also 


M)rTtaoar. 


D«at: 


5.  Used    Mainly   to    Stimulate    the    Bronchial    Mucous    Membrane, 
and  as  Respiratory  Antiseptics. 

01.  Terrbinthitur,  espccinlly  by  inhalation.     Pint  Bark  is  also  ns«^. 

Tcrtbenum  (U. S.IV,  B.I',  j. — C'l^H,,,  A  liquid,  obuined  by  acting  or»  Oil 
of  Turpeniitic  witb  concentrated  H,S^  >,  and  ditUliiog.  Only  slightly  kohablc 
in  wairr,  but  diunlvtd  by  an  Cfiual  volumr  o{  alcohol.  Dm4  .*  0.3  lo  l.o  c.c 
(5  lo  15  minims) ;  bcjt  given  oti  sugar,  or  as  inhalation. 

#*•  Terpini  Hydras  (U.S.P.).  — C,„H,g(OHj, -t-  Hp.     Colorless  oyrtiU 
made  by  acting  on  oil  of  turpentine  with  alcohol  af»d  nitric  octd.     Soluble  in 
250  water,  to  alcohol.     D^stt  o.  I  to  3.0  Om.  (3  lo  30  gmins). 
tiniest  employed  as  urinary  disinrectant. 

Jiucii/y/ifuf   (U.S.I*,). — The    leaves  of  Eurafyptus   globtimt, 
Au^ralift;  cultjvmed. 

Contains  a  resin,  volatile  oil,  etc. 
Preporrxtion\  ; 

ExiractufH  Eu<alyp(i  FluiJum  (L'.S.P.). — Three  foarthi  alcoboL 
3  lo  8  c.c.  ()^  to  sdrachnii).     Becomes  turbid  witb  water. 

^*,  Elixir  Eufnfyptii'^.T.)— I  :8.    Dflit :  StoiScc.  (x  to  4  dncbns). 

The  above  Eucnlyptus  preparations  ore  used  mainly  when  die  local  \aa- 
ntinnlivc)  efTect  on  ihn?  itilf*itiiic  isdeured. 

^*^OUMm  £'«ftf/>;/V(  (U.S.I*..  HP.  >.— The  Tolatile  oil.  I>ofe  :  a3tolo 
c.c  (5  to  30  minims} :  or  for  inhalation. 

*  Eucalyptai,  luic  of  llir  constitur^iilK  of  the  oil.     The  Jtir  is  the  same. 

Eucalyptus  oil  is  a  ver>'  octivc  disinfectant,  as  well  as  a  local  irritant. 

OUum  Cubt^  is  cummouty  used  ;  see  below  ;  so  also  is  Tlkymei,  sec  page 
464. 

Bnlsamum  Tflurnnum  (U.S.P.,  B.P.).— It*  prepaimtioos  are  »eiy  pofatlar 
as  vehicles  in  cuugh  mixtures,  etc.  It  is  a  solid  balsam.  dcriTcd  (ram  7«<^* 
i/era  Sa/tamum,  I ^guminoKL- ;   Venezuela.      It  is  tiM-d  as : 

^,*^^Syru/*uf  T'/u/anuj  (V.SV.,h.V.).~Desf:  ad  libitum. 

Tirtcfura  Ti'/n/ana  (U.S.P.,  B.P.).  — lO^?.  /Vji-.  3  to  4  cc  (>j  to  t 
drachm).     With  mucilage. 

^n'i(ii!r/jii(U.S.?. ).— The  leaves  and  flowering  lops  of  GrimMm 
and  Gr.  squarioso,  CompositK ;    western  North  America.     Contains  a 
tile  oil,  a  gtucosid,  and  perhaps  al.so  an  alkaloid. 

It  i<t  utd  to  relax  the  mu^Kutar  cnals  of  the  bronchi  and  diminish  tbc 
tioti  of  mucus.     It  is  therefore  used  in  asthma.     Its  use  in  tTy<poiBatiia( 
mentioned  on  page  69S. 

,*^  Kxiraf/Hm(iriM4iflia  Fluidum  (U.S. P.).— Made  with  alcohol ;  pncipj 
talcs  with  water.     Dose  ;  t  to  4  c.c.  (V  lo  I  drmchm). 


I 


UCK-'V 

iiHw4 


0.  Used  Mainly  as  Urinary  Disinfectant*. 

Thew  are  all  rather  Irritant  to  the  itonuich,  and  an  ttsefully  administe 
io  capsules. 

*  Not  official. 

The  most  important  preparations  ore  marked  «*»• 
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,%  Ctf/m^  (U.S.P.,  B.P.]. — A  liquid  niloral  olcomin  from  Cofmila 
tAvjttdorfii  mid  othirr  <(p«cic«.  l^gutniiiosEV.     Brazil  mhI  Venemelft. 

C»mtiia$fma :  Votaiile  Oil.  Rciin,  Copuvic  Acid. 

1 1  is  not  kttowii  wliicli  uf  llitr»«  is  tiH)»t  cotirrriHrd  in  ihcr  acliun  :  but  il  \s 
*fry  likely  i\uA  they  all  coninbute.  Fi»r  dii*  rcnwn  there  >.ecm*  Irltlr  RTuurid 
for  ibe  Mlowii^  preparaiton^.  Copaiba  u  in:i<flub]e  io  water,  but  iotubic  in 
alculiot  or  uilik  It  liiL^  All  uii]ilruMiiil  taste  and  ixlur,  aud  is  apl  lu  imlaic  llie 
stomach,  Il  is  therefore  be«t  given  iti  capsules,  ur  at  leut  on  a  full  Woraach. 
Tlie  t/tfje  il  I  tQ  4  c.c.  I  ,V  (o  I  drachm). 

Il  limy  be  made  into  pills  with  Magnesia  (Miuwt  Co^iAa), 

Prrpa  ration  t  : 

OUum  C&paiha  (U.S. P.,  RP.).— The  vulattle  oil  diililleil  from  copaiba. 

A'nina  C'vfitti^  (U.S.P.). — Tlie  residue  fruta  thia dtfttillotiou. 

The  Josr  «  either  is  ihe  tonic  as  of  the  oleorestn. 

(Copaiba  )•  iio4  a  Inic  balsam,  sinw  it  does  not  contoio  dniuunic  or  beiMoic 
acid.) 

A  favorite  method  of  u«i)g  this  dnif*  in  gonorrhea  is  in  the  form  of'— 

,*,  iVti/M'-.i  Ct'/*<ii^if  Comf^jifii  (N.F.). —  {Lafayette Mixture.^  An  emul- 
sion coutaining  a^  ai:tivc  ingrc^lients  ^-^  each  of  ('apaiba  and  Sweet  Spirits  of 
Niter.     />«/ .-  4  to  a  cc. 

CuMa  (U.S.P.^  {L'liheha  Fru,tui.  B.P.].— The  unripe  fruit  of  IHfer  Ol- 
Ma,  PipcTacne.     Java  ;  cuUivalc-d. 

Contains  a  vnlfttile  oil  and  rrMn,  llie  Intler  coniaining  cubebic  ncid. 

Whilst  (he  oil  i»  the  most  frequently  employed,  the  oleoresin  or  Ruid  ex- 
irati  would  be  more  nilionni,  as  llie  re»iii  is  probably  also  coDcemed  in  tbt 
adinn.      Cubeb  is  less  irritant  than  copoibn. 

Olrum  Culvbit  (U.S.P.,  B.P.>,  \o.3  to  1.9  C.C.  (5  lo30 minima) ;  may 
^•^  OUauuna  C'«i»A*'(U.S.P.),  J       begiiren  nnsiignr  or  in  capKnle«. 
,%  Extra,  twn  CuMnt  FluiJuw  {U.S.  I*.|.  —  Alcohol ;  precipilules  with 

water.     Das* :  3  to  4  c.c.  (^  to  I  drachm). 
TiHttura    Cubtt^r   (U.S.P.,    B.P.}.— »%.      IM* :   Z  to  13  tC    («< 

to  3  drachtiut. 
^\  TroeAita  Cuifha  (U.S.P. ).— Ea^  contains  0.4  cc  of  the  oleo* 
resin.     Dfte:  I  in  6. 
,»,  Olrum  Siintali  (U.S.P.,  UP.  l.—A  volatile  oil  distilled  from  the  wood 
of  SanttUnm  a/hum,   SanlaUceJC.      Southern   India.      Dost:    o.  I    to  0.6   c.c. 
[1  lo  10  minims  V 

^fati(»{\2.%^.\^ — Tlte leaves  oi Pif<r aHgmtiffliMm^  Plperacec.  Tropical 
America.     (Contain  a  volatile  oil.  resins^  etc. 
PrrfisrAtitms  : 

Extrartum  Jlfiititc  FlmittHKi  (U.S.P.'i.  —  Three  fotuths  alcohol;  turbid 
with  water.     Date  .*  3  10  8  c.c  (  >|i  to  3  drochnu). 

Tincturm  ;l/aA>o  (U.S.P.)— 10^*  Ooe-half  alcohol.  Dm:  1$  U>  30 
cc  ( <)  to  I  ounce). 


7.  Used  Chiefly  as  Diuretics. 
It  must  be  remembered  that  thew  oilo  produce  diuresis  thniogh  irrititioD. 
Land  thai  they  are  therefore  contniiiidicaied  in  indommatory  conditions  of  the 
|liiilnc_v«  or  urinary  paiiaagcs. 

*  jutitprrHi  { U.S.  P. ).  — Juniper  Berries  — Tlie  fruit  cfJuNiperus  cummuHis, 
imiferx.     Temperate  zone.    Active  comtitueNt ;  A  volatile  oil,  isomeric  with 
HI  of  Turpentine. 
Used  as  tnfiisian,  mrTe^ponding  to  4  lo  f^  Gm 

iVetiMt  JuHiperi  (U  S  I' ,  B  1*.  j.— The  volatile  oil  distilled  from  the  above. 
k-jf  '  o.  I  to  0.6  c.c.  ( 3  to  10  minims)  ;  usually  ifivcn  as  one  of  the  spirits : 

•  Not  offidal. 

The  moat  important  preparations  are  marked  «*^ 


692 


VOLATILE    OILS. 


CH.  xxnc. 


Sfiiri/us/uni/^n  [\J.S'.V.,h.?.).—S%-      Doti :  3  to  4  c.c. 
^^Spirttut  jHHipiri  CompciitHs  (U.S.P.).— A  substitale  for  Hollaad 
utii.  Afiolutionof  oiloljuniper,  caraway,  ind  feonel  in  6oj(  kloobol. 
Doif:  to  15  c.c.  (^  ounce|. 

BHfhu  (L'.S.P,,  B.l".), — The  leaves  of  tiarotmn  iv/uftna  and  ff  ertnulala, 
Rutocen: ;  Southern  Africa.  Contaio  a  ToLatile  oil,  a  gluco&id,  a  bitter  pfift- 
ciple,  etc.     HtiU  given  ns  infuMon. 

fi.ura<tuM  Bmhu  J-Vutifum  {V.S.P.). — Alcohol-  Dmi*  .-  I  to  3  cc  (IJ 
to  30  mtmmfv). 

•*«  htfumm  fiuefiu  (B,P.). — 5^.     Dote :  3/0  to  65  c.c.  (1  to  S  ooacca). 

'I\n.iura  Huthtt  (B.P.). — 20jf-.  Two-thirds  alcohol.  Datr  :  2  to  4  ce. 
(^  to  1  drachm). 

In  this  place  mention  may  be  made  of 

Guiiiacum  (U.S.P.)  [G'Miidn  Lt^ftNm,  B.P.I. — ^Tbe  h«an  wood  of 
Guaiitaim  efficinaU,  ZygophyllcK  ;  We^t  Indies  aud  other  paru  of  Amerkm. 
Conlain.<i  20  to  25  ^  of  the  Resin. 

Gwtiaci  Keiina  (U.S.P.,  B.P.) — {Gum  Gmriaf.)     Its  chief  ooosdtuenu 
arc  a  number  uf  rrMnL>u<)  acids, 
Pttparntu'Hs  (made  from  the  wood): 

Afittnra  Gmiiafi  (h.V.). — Dete :   15  to  30c, c    {%  to  I  o».). 

Tinttura  Cwowi  (U.S.P. ). — 2o:¥.     Alcohol. 

TitKfuro  Cuaiati  Ammtmiata  (U.S.P,,  B.P.).— 20%.  Made  with  aio- 
matic  spirits  of  ammonia. 

TriM-hisci  CHaiaci  Resina  (B.P.). — Each  contains  0.2  Gm.  (3  grains). 
Dmt  :  2  to  4  cc. 

Guaiac  was  formerly  of  repute  in  rheumatism,  syphilis,  etc.  Any  ccaulis 
were  probably  due  to  a  purgative  and  diuretic  effect.  It  is  now  almost 
oK«>lcte. 

A  siioilar  drug  is 

Xanlhi^yltim  (U.S.P.). — Prickly  Ask. — The  barW  aS X.  amen'^aMrtm  and 
.V.  Chi'ii-flrrcttlit,  Ruiacese;  North  America.  It  contains  berbcria,  and  acts 
OS  a  bitter. 

Ihsjiuui  extract  is  official  (U.S.P.).     Dete :  0.5  to  a  cc. 


8.  Acting  Particularly  on  Pelvic  Organs. 

Certain  volatile  oils  have  a  streng  action  on  (lie  alimentary  canal,  producinf 
nsCro<enteri(i.«  ;  and  ihtouf^h  this,  hyperemia  of  the  pelvic  viscera  (sec  jp  657 v 
This  has  led  to  i heir  i-mploymcnt  fur  the  procuring  of  criminal  abortua,  lad 
they  have  n  toxicologic  importance,  since  they  arc  usually  fatal  througli  a 
gastru-eritcrilis  before  they  produce  ihc  desired  result.     These  drugs  are: 

Siifiina  {U.S.P.).  —  Savin.  —  The  to|»8  aX  Juniprrui  Sattma,  Cooifenr. 
Temperate  climates      The  active  ingredient  is  Ihc  volatile  oil. 

Extraitum  Sabtna  Ftuidum  (U.S.P.). — Dote :  0.3  to  l.o  C.c. 
Oleum  Sabitht  (U.S.P.). — ^Thc  active    volatile   od.     Date:  ao6   to 
o  3  C.f. 

TotKuelum  (U.S.P.).— 7rt«j)-.— The  leaves  and  tops  of  TaM>ieftwm  iW 
garf,  Composiiie  ;  Europe  and  naturiilized.  Dae:  I  to  4  Gm,  Tbc  active 
ingredient  is  the  volatile  oil. 

*  Olmm  Rnla — OH  ff  Jtue. — From  Ruta  gravtoltni,  Rntacev;  Ewope 
and  cultivated. 

O/non  liedtoma  (U.S.P.).— iW  of  Pennynyat  From  Htdfrma  fmlf 
^I'tffV/i'f,  LnbiAtie  ;  North  America.     Dflse  .     0.06  to  0.3  c.c. 

(It  \-i  the  mildest  of  thex:  agents  and  is  really  moR  often  uied  as  a  car- 
Dinative.) 

•  Not  official. 

Th«  most  important  prcparmtioo*  are  marfced  i^*^ 
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(B)  MUS  I'ARD  OIL  GROUP. 

Mustard  oil  differs  fmm  tlie  other  volatile  oils  in  that  it 
produces  a  markedly  greater  irritation.  The  group  also 
includes  volatile  oils  derived  from  other  cruciferous  plants 
— horse-radish,  onion,  etc.  The  active  principle  of  mustard 
is  iso-sulpho-cyanid  of  allyl  (CH5CNS).  This  does  not 
exist  in  the  seed,  but  is  f«jrmcd  from  potassium  myronatc 
(sinigrin)  in  the  presence  of  water  under  the  influence  of  the 
ferment  myrasin. 

These  oils  are  verj'  diffusible,  and.  therefore,  have  a  very 
deep  action,  without  producing  very  profound  destruction  of 
the  surface.  Although  they  can  produce  verj'  violent 
inflammation,  the  severe  grades  of  action  are  so  difficult  to 
control  that  they  are  mainly  useful  when  a  mild  but  deep 
irritation  is  desired.  The  action  must  be  watched  very 
carefully.  The  oil  is  developed  comparatively  slowly,  and 
one  must  not  leave  the  mustard  in  contact  with  the  skin 
until  the  desired  grade  of  irritation  is  obtained,  but  remove 
it  somewhat  earlier. 


MATERIA  MEDICA. 


^The  seed  of  Brasaca 


The  seed  of  Brassica 


\ 


SiiupiB  Atba  (U.S.P..  n.?.).=  irA,//  Mutt^rJ.- 
atbii.  Crucifcrw  ;  Europe  and  Asia.     Culuvated. 

Sinapia  Nigra  (U.S.P.,  )iV.).—Bla<t  .\Juilard. 
aigra,  Cmcifere  ;    Korojie  ond  A«a.      Culrivatpd. 

Tfac  above  contain  2^%  of  bland  fixed  o\\^  gum,  etc.,  the  ferment  MyKMin, 
tnd  the  white  mu.stard  SinaJhiH  :  ihe  black,  Sinigrin  (:^  Putuuium  Myron. 
ale).     The  taller  yield*,  nn  the  addition  of  n-ater,  ihe-^ 

OlruM  Stmt/)is  ^ohtiU  (US.P.,  B  P.(.— lAllyl  sulpho-cyanid.)  This  \% 
too  iiritanl  to  be  UKfu],  but  may  be  etnplityed  ts — 

^*„  .'y>?nV«i  .ymj/Zf  (N.F,),  I  :  50;  it  also  enten  into  the  composition  nf 
LtHimtHtum  Sinapis  (B.P.)  I  p.  708). 

Mu^unl  is  huwcrer,  iiiiually  employed  as  the  ground  vttA  (rnustard  flour). 
The  most  convenient  prcpnraliMii  is — 

,•»  Charta  Sinapis  (U.S  P..  ^.\\\.—Afuftard  /'/aj/<-r.— Made  from  black 
moslard  previously  exhausted  of  fixetl  oil  by  Benzin,  made  into  a  paste  with  a 
aolatton  of  india-rubber,  and  «.pread  on  pnjwr.  This  is  taoisiened  with  luke- 
warm water,  and  applied  a  quarter  of  an  liour  to  one  hour.  A  deej>er  acUoa 
vaj  be  secured  by  the  Mustard  poultice,  prepared  by  spreading  a  [in-ste  made 
wiw  water  and  e'pial  parts  nf  muMnrd  and  flour  on  linen.  Musianl  is  rIso 
Bsed  as  an  adihtion  la  hot  footbaths,  being  rirst  niadr  into  a  paste  with  warm 
water.     Its  u.se  as  emetic  has  been  mentioned  on  page  328. 

Other  CrucifcTX  contain  similar  oils,  especially^ 

Armorafite  Kadix  (B.P.). — The  frcMi  root  of  Cochltaria  Arm«racia, 
Harte-radish, 

The  onion — AUium  Ctpa  ;  and  Garlic — Allium  lativnm  (Uliaceae^,  contain 
simiUr  oils  \  the  latter,  Allyl  sulpliid. 

Acrplein,  the  irritant  v.apnrs  arisinfj  when  fat*  are  overheated,  may  also  be 
counted  in  this  group. 


The  most  impoitant  preparations  ore  markeil  ^*^ 
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\Vhrn  muMnn]  oil  h  bcatrd  with  mIcoIioI  and  unmoiiia,  it  loses  its  irriluit 
odor  and  is  converted  iiitit  Allyl  >ulpho-carbamid,  wbicb.  under  the  name  of 
Tkittsiftitmift,  has  been  ndvantcd  as  a  cure  for  lupus.  Itu  lo  be  liaed  in  ISlfc 
to  ao^4  tivuiiulic  si>luiiuii«  iiijcLled  subcuuucouujr. 

(C)  CANTKARIDIN  GROUP. 

I.  Members. — This  group  comprises  a  number  of  fixed 
organic  principles  which  exercise  a  specific  irritant  .ictioa 
upon  the  skin.  It  incltides  a  large  number  of  drugs. 
Ctintharidin  is  the  most  tyfMcal  member  of  the  group. 

Allied  to  thi*  nre  j>n»bobly  the  j^hwiu  of  quite  a  number  of  other  pat«on- 
oos  injects :  ei>pe«.-ially  beetles,  but  pnjl»bly  that  of  fepidcn,  flies,  snakes^  *'»! 
sonic  bnctcrial  tuxJii^  belouu  lu  the  muuc  \ax\gc  gnmp.     This  autqccl  has  out 

been  sulficirnlly  wurkcU  out 

Related  in  its  action  to  cantharidin  is  toxicodendron,  the 
poison  of  poison  oak  or  poison  ivy.  A  substance  very 
closely  allied  to  it,  if  not  identical,  is  cardol.  The  milky 
juice  of  tlie  cuf'horifia  and  the  active  principle  of  capsicum 
are  also  to  be  counted  in  this  group.  Tlie  acnd  poisons 
contained  in  certain  fresh  plants,  especially  of  the  t'amily  of 
Ranunculacere,  belong  here. 

Croton  oil  forms  the  transition  from  this  group  to  that  of 
the  intestinal  irritants. 

3.  Manner  of  Action. — The  principles  of  this  class 
seem  to  penetrate  the  epidermis  fairly  readily,  probably  in 
virtue  of  tlieir  solubility  in  oils.  Their  action  is  then  quite 
violent,  but  very  superficial,  producing  vesication.  They 
are  active,  in  very  small  amounts  ;  -^  mg.  cantharidin  or  -^f-^ 
mg.  toxicodendrol  will  produce  blisters  on  the  human  skin 
in  the  course  of  a  few  hours. 

The  weaker  members  of  this  group,  or  smaller  amounts 
oC  the  violent,  will  produce  a  superhcial  and  very  lasting 
irritant  action.  In  this  way  they  form  useful  complements 
to  the  volatile  irritants,  which  latter  produce  a  comparatively 
short  action,  and  the  two  are  very  usefully  combined. 
Tincture  of  capsicum  is  especially  valuable  for  tlus  purpose. 

Taken  by  the  stomach,  they  produce  gastro-cntcntis.  A 
number  r*^  this  scries  are  quite  readily  absorbed,  and  will 
then  exert  tlicir  irritant  action  elsewhere,  especially  upon 
the  organs  of  excretion.  The  action  upon  the  kuirtfits 
results  in  diuresis;  in  higher  grades  in  nephritis,  in  albumi- 
nuria, glycosuria,  and  even  in  suppres.sion  of  the  unnc. 
Sufficient  may  be  absorbed  from  a  cantharides  blister  to 
cause  marked  irritation  of  the  kidney.     The  furtlier  por- 


I 


CANTHARIDIH    GROUP. 


)5 


I 


tons  of  the  urinarj*  passajjes — bladder  and  urethra — will 
also  be  irritated,  and  will  give  rise  reflcxly  to  a  constant 
JistW  for  micturition,  priapism,  etc.  This  nephritis  is  the 
main  lactor  in  deatti  from  cantharidal  poisonint^. 

A  very  curiuu*  fatl  is  ihc  peculiar  uHmnmly  uf  (he  hcdgchng.  chicken,  and 
duck  to  ihis  nephfitic  action.  11ii»  is  not  due  lu  diffcrc»ct:»  in  ihc  absorption, 
nor  to  (lc«tnicti«n  of  the  poL'K>n,  for  the  caniharidin  i&  found  in  llic  iirinr,  jusi 
<Lf  it  i»  iu  susceptible  aoiuials.  Nor  are  Uicse  animals  itnmuoe  to  other  neph- 
ritic poisoos.  The  imtnuiiily  to  canthand»  is  also  only  partial  ;  even  n  sinfi>)c 
injection  of  a  Urge  dose  cau»ct  chronic  ncphrili.s.  Hut  taking  tht  faUl  dose 
for  man  (30  mg.  by  stumach)  as  the  unit,  that  for  the  same  weight  of  hedgehog 
lies  about  JDOO.  For  the  dog  and  cat  it  is  about  3.5  (1  nig.  per  kiloj ;  for 
ibe  rabbit,  about  45. 

Thi«  immunity  10  the  nephritic  action  docs  not  confer  immunity  to  the  local 
action  un  the  skin.  In  this  respect,  the  hedgehog  i&  even  more  ^uscepljble 
than  the  rabbit,  which  latter  animal  is  almost  tmmonc  to  the  cutaneous  action. 

When  injected  into  the  circulation,  cantharidin  affects  the 
central  ncn^otts  system  in  a  manner  similar  tn  carbolic  acid  ; 
i.  r.,  it  produces  short  stimulation,  excitement,  and  increased 
reflexes,  followed  by  paralytic  symptoms,  coma,  etc. 

This  central  action  is  not  often  seen,  being  obscured  by 
gastro-cntcritis  or  nq)iiritis. 

3.  Materia  Medica. — 

Canihari*  (U.S.P.,  \i.i'.).—CaHtAan\/es.—SfiaMisk  /-Zfrt.— The  dried 
beetle,  Canikarii  ttfua/oria ;  Intecia,  Coleoptcm ;  southern  and  central 
Enmnc. 

Tbe  chief  roHititurnti  are  a  volatile  and  fixed  oil,  extractives,  and  Canthar- 
idin [0.4%  to  I  '.f  )  ;  lhi>  i>  ><ilublc  in  alcohol,  ether,  etc.,  and  in  oils. 

The  d'.'j/  (/  CaM/Attru  is  0.03  to  D.06  Gm.  ( !^  to  I  grain). 
Prrf^tratioHt : 

^•^0*-afmm  Canthnrii/is  (U.S.P.)  [Bm^taitrutu  Cantkaridis^  B.P.]. — 
Contains  315^,  with  iaXs.  and  turpentine.  This,  spread  as  a  plaster,  constitutes 
die  Fly  nosier.  It  requires  from  six  to  ten  lioors  to  rnise  n  bliMer.  ac- 
cording to  the  thickness  of  the  skin.  Its  content  in  fat,  and  probably  alsu  indi- 
vidual suH:e|)(ibility.  Since  cnnttiaridin  is  inM>luble  in  wvIlt,  it  is  well  that 
the  skin  be  mihrr  greasy,  to  faciliiair  its  absorjnion.  The  plaster  adheres 
very  |Miorly.  and  must  uftually  be  fixed  with  atihcsive  piaster.  \Micn  the 
blister  has  appeared,  the  plaster  should  be  fnirefully  removed  without  niplur- 
ing  the  ve?(icle.  lite  latter  is  then  pierced  and  dres>ed  with  an  oiDtmenU 
This  prevents  further  pain,  irritation,  or  infection.  By  a  "  flying  blister  "  il 
meant  a  series  of  blisters  raised  along  the  cuurM-  of  a  ner%'e  by  the  application 
of  successive  plaster*.  The  EmpiaUrum  OiU/<tnem  ( B.  1*. )  ( Wanning  -Plaster) 
is  Kioiewliat  weaker. 

C->il»dmm  Cantfian'Jafum  (U.S.P.)  XCftlodwrn  I'fiuant,  B.P.].— tan- 
tAandai  Coilodiom. — 60%.  May  be  used  instead  of  the  plaster,  being  applied 
directly  to  the  skin  until  il  fonn^  a  rather  thick  pellicle. 

»%  Ttnttura  CantharUti  (U.S.P.,  5 f/t )  [li.P.,  I  ^  •^].— Altobol.  May 
be  used  as  an  addition  to  tinimenU  (in  any  prnponion)  or  internally,  in  dott 
uf  0.05  to  1  c.c,  (I  to  15  minims). 

Atitum  Canthdriiiis  \^'9.).—  \o%  solution  in  50%  Acetic  Acid. 

The  most  important  preparations  are  marked  «*^ 


696 


ORGANIC    IRRITANTS. 


CH.  xxa 


Liquor  Ef'ispasticus  (B.P.  i. — 50%  anlulJon  in  Acetic  Elhcr. 
Unguntlnitt  CtiHthawiJn  |B.P.).  — 10^  in  B<nioinftled  l^ard. 
*  LinimfUlum  Cantharidu  (N.F.). — 15%  in  Turpentine. 


Capsicum   fU.S.P.)  [Capsici   Pnictus,  B.P.].— {d^»i»w  Ptfffr.)— 
TTie  fniil  of   Capsirum  faUi^.Uum  lU.S.P.)   [(".   minimitm,   B.P.]:    SoUb 
itcex.     Cultivntrd  in  tropica)  countries.     The  main  c<m»liluenti  mr«  :  Cafiti- 
.-/"«  and  volatile  oils  ond  resins,  but  iniperfeclly  known. 
PreparaHem  : 

Extradum  CVi/niVl //««</wm  (U.S.P.}.— AlcohoL     Jitie:  ao5  ioa5cc 
(I  to  8  drops  I. 

^.  Timfnra  CVj/z/W  (U.S.P.,  B.P.).— 5^  Alcohol.     Dost:  o.3to4CC 
(5  to  00  minims).     In  liniments,  I  :  8. 

OUorfsina  Ot/iui  (U.S. P.).— 0.015  to  0.05  c.c  (j^  to  1  minim). 

Emplaitrum  Copiiti  {U,S,P.). 

Ungmntum  Cafsiei  (B.  P.  J. 

4.  Therapeutic  Uses.— Vesication. — Cantharis  is  the 
most  useful  of  the  vesicants. 

The  fresh  Ranunculacex,  muiit&rd,  or  cratoa  oil,  arc  Mmetimes  used  by  ibc 
laity,  but  their  action  is  not  so  easily  controlled  as  that  of  cantbaris. 

When  the  latter  is  contraindicated, — «*.  g,,  in  cases  oi 
inflammation  of  the  urinary  pa.ssages, — it  is  usually  re- 
placed by  ammonia  water  or  chloroform,  whicli  also  pro- 
duce a  vesicant  action  if  their  evaporation  is  prevented,  as  by 
covering  the  point  of  application  by  a  thimble.  These  arc 
rather  more  rapid  in  action,  but  much  more  painful  tlian  fly 
bUstor,  and  are,  therefore,  avoided,  if  possible. 

The  vesicant  action  of  cantharides  develops  rather  slowly. 
It  usually  requires  from  five  to  ten  hours.  It  can  be  s«ime- 
what  hastened  by  removing  the  cantharides  plaster  after  a 
few  hours  and  applying  a  hot  poultice. 

Blisters  in  general  are  coniraintiicaUd  in  people  of  feeble 
condition,  since  they  may  then  lead  to  ulceration.  When 
they  are  employed  for  counterirritation.  they  should  not  be 
apphed  directly  over  the  inflamed  part,  but  at  some  distance 
from  it.  They  might  otherwise  render  the  inflammation 
more  violent. 

Cantharis  is  one  of  the  most  useful  remedies  in  the 
treatment  of  baldness.  It  is  used  in  the  form  of  tinctufr, 
very  greatly  diluted  with  alcohol. 

The  be«t  treatment  for  niopecia  i»  prophylactic — frequent  vadiing  «f  IW 
scalp  with  soap  and  hot  water,  followed  bj-  cold  water.      When  the 
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[condition  Itss  srt  in,  there  is  fairly  good  pTn^n<u«  if  Iremed  early  ;  very  poor, 
If  trestiDcnl  is  begun  lale.  If  due  10  syphilis,  the  mercurials  form  the  best 
trcaimetit.  Ordinary  csisei  are  trcalrd  hy  niUncniis  iiTjr.iiils  or  a.stringents. 
Besides  rarilhandc^  the  most  useful  are:  Sulphur,  re!<nruin,  rhiTy&ambin,  sali- 

»c>'lic  acid,  aiiimoniatcd  mercury,  calomel — all  in  $  ;-f  10  105^  ointment  or 
lotion — and  olcohuh  Pilocarpiti  a  also  supiKiscd  to  <iiiTnulatr  the  giuwih  of 
hair  by  inciraMii^'  the  ovrailalion  of  the  scalp.  If  there  is  an  active  inflami- 
malory  condition,  tchthyol  ur  zinc  oxid  may  prove  useful. 

Treatment  of  Impotence. — Vcr)-  mnny  drugs  have  been  employed  for 
thi«  purptMC,  hut  uur  knowledge  concerning  then]  is  still  very  meager.  Cun- 
tharii  \%  one  of  the  most  certain,  acting  through  icllex.  irritaLion  fruin  the 
ttrcthral  mucous  membrane  It  is,  hufrevcr,  quite  dangerous,  since  effective 
doKs  ore  apt  to  set  up  considerable  nephntis.  Many  essential  oils  act  in  the 
aame  manoer,  and  arc  at  ouce  less  dangcruus  and  less  active.  Here  belong, 
€.  g,,  a'antian'i,  ginsfHg,  mint,  garlic,  etc.,  ontl  possibly  cumphcr. 

S/rytkmH  is  thought  to  be  eiTectivc  by  raising  the  tone  of  the  spinal 
ecnten. 

PMostkortts  and  arsrnti-  ctijciy  suinc  reputation.  If  they  arc  effective  at  oil, 
it  miut  be  through  improvement  in  the  general  condition  of  the  patient. 

Ah«h»l,  mor/>hin,  eamtahis,  and  other  narcoucs  act  a£  aphrodisiacs  by 
stimulating  the  itnoginatiun. 

The  best  treatment  for  impotence  constats,  of  course,  in  the  removmi  of  the 
cau^  and  improvement  in  ine  general  health  of  the  patieal  by  appropriate 
hygiene. 

■  5*  Ivy-poisoning. — This  is  poisoning  by  several  species 
of  the  ^cnus  rlius  :  R.  venenata  {PoL-ion  Suiitach,  the  nmst 
poisonous),  R.  Toxicodendron  (Poison  Ivy,  Poison  Oak) ; 
Anacardiacex.  Similar  poisoning  is  product^d  by  certain 
tropical  trees  of  the  same  family,  as  Litlirea  caustica,  Ana- 
canJitim,  Semecarptis. 

Accidental  Ivy-poisoning  Is  quite  common,  since  these 
plants  are  of  frequent  occurrence  along  the  roadside,  on 
fences,  in  SAvamps,  etc. 

Only  (t*-itiin  inJit'iduals  tttm  ft>  he  mseepHMeXo  the  poisoning,  while  others 
may  handle  or  masticite  all  portions  of  the  plant  with  absolute  impunity. 
The  rca^tii  fur  lhi»  diffetence  is  verv  obncuie,  but  it  may  lie  rciiieiiibered  that 
certain  animals  are  immune  to  cantnaridi».  In  sasceptiblc  individuaU  nii  ex- 
tremely small  amount  of  the  poisuuous  principle  [j^sis  '"K-)  '^  sufficient  to  cause 
a  violent  detmatitiv  In  this  way  tbe  pois<jnii)g  may  be  spread  by  ffffita,^iifn  ; 
I.  f.,  siifHt'ient  may  be  pa_'«ed  from  the  clothing  or  hands  of  one  pcrMin  to 
another  to  cause  puisouiug.  This  is,  perhaps,  the  only  insuoce  of  coat^^on 
by  a  cbeniic  poison. 

y  The  toxic  principle  was  long  believed  to  be  a  volatile 
acid,  but  recent  investigation  has  shown  that  it  is  neither  an 
acid  nor  volatile,  but  a  fixed  oil  {toxicodendroi). 

^      Tile  auhenticated  cases  of  poisoning  at  a  distance,  which  would  seem  to 

rk  for  its  irolatility,  can  probably  be  explained  by  the  oil  being  carried  by 
,  pollen,  etc. 

The  active  principle  is  the  same  for  all  the  species.     It 
[lias  a  considerable  latent  period,  from  one  to  nine  days. 
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u.sua)ly  four  to  five  days.  This  does  not  seem  to  be  in- 
fluenced by  the  dose.  The  action  consists  in  a  typical  der- 
matitis. pa.ssing  through  all  the  successive  stages,  from 
hyperemia  with  itching,  to  vesication  and  pustuladon. 

Taken  internally,  it  is  an  jctive  irritant,  exerting  its 
strongest  action  upon  the  kidneys. 

The  toxic  principle  is  destroyed  by  alkalies.  It  forms 
comparatively  insoluble  compounds  with  lead.  The  methods 
o^  trial  nil  nt,  therefore,  consist  cither  in  applying  to  the  skin 
a  paste  made  with  an  alkali,  preferably  castilc  soap,  or  else 
a  solution  of  lead  acetate,  preferably  in  alcohol,  to  loosen 
the  oil.  Fluid  e.xtract  of  GrindcHa  robusta,  diluted  with  4  to 
8  VLilumcs  of  water  and  used  as  a  wash,  is  frequently  useful. 

The  very  worst  treatment  which  can  be  imagined  is  the 
application  of  vaselin  or  other  ointments,  since  they  dissolve 
out  the  toxicodendrol  and  tend  to  spread  it  over  a  larger 
surface. 

6.  ^*^  Chiysaroblnum  and  Similar  Bodies. — ^This  prin- 
ci])lc  forms  80^  of  the  Goa  pmi'dir  (Araroba  powder) 
found  in  cavities  of  the  tree  Andira  Araroba.  Leguminosae ; 
Brazil.  By  oxidation  \Xy\f^l^s.  chrysophatiic  acid.  Both  have 
a  deep  .ind  strong  local  irritant  action.  They  are  used  as 
ointments.      (Ungucntum   Chr>'sarobini  %%,  with    Lard.)  ^ 

Pyrogallol,  resorcin.  and  salicylic  ada  are  similar  irri- 
tant<i.     They  are  used  in  skin  diseases  and  as  parasiticides. 

PxtogafM  (U.SP.).— (/»,r<vrt//i>.-*W<i'.)— A  white  powder  MAily  toloblc 
in  water  or  alcohol  'Ilie  solutions  turn  brown,  especially  in  the  light.  Used 
as  I  to  5%  oinimcnt. 

,*<,  AVjf>r.-/««w  (U.S.P.l. — Rcadiijr  soluble  tn  water  or  alcabol.  Used  m 
XO  to  20'y  solution  in  glycerin. 

S.iliryiu  Ax-i.i  (U.S.P..  B.P.\.— U»d  on  the  skin  in  5  to  lo<(  ointmcBtor 
lolution.     For  the  removal  of  corns,  the — 

^*^C<i/Miutn  S.i/ny/a/um  Comf^tiium  (N.F  )  IS  k  g"od  prejmrmtioa.  It 
contains  II  ^<E  of  the  add.  Extract  of  Cnnnabis  lud.,  and  flexible  collodioa. 
It  in  applied  at  night  and  the  com  is  scraped  is  the  monting. 

LugutHtum  Adili  SaluylUi  (B.P. ). — 3^  in  Pantfiin  OintmenL 

(D)  OTHER  FORMS  OK  COUNTERIRRITATION  (MAINLY 
PHYSICAL). 

Any  agent  capable  of  producirg  inflammaloiy  reaction  mar  be  CMplofcd 
for  counterirritaiion.   These  remaining  forms  of  irritAtioo  are  mainly  u  tolton : 
I.   Bacterial. 
3.   Krictiaa  (Ezcrciw:,  Massage),  Acnpuocture.  ScuificatMii. 

'  A  \o%  ethereal  solution  of  chrysarobin  is  used  in  the  Ireatmett  of  aar^ 
II  is  painted  on  daily,  the  dead  tissue  bcii%  pared  off. 

The  most  important  prepftrations  are  marked  ^^ 
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3.  Tempcnitare. 

4.  Elcclriciiy. 

5.  VencKClion. 

I.  Bacterial  Counterirritation. — This  method  is  at 
present  practically  obsolete.  It  was  formerly  accomplished 
uith  setons — a  strinj;  of  some  fibrous  m^itehal  was  carried 
through  a  fold  of  skin  and  left  there  to  suppurate.  Mure 
recently,  bacterial  counterirritation  has  been  employed  in 
tlie  form  of  artificial  streptococcus  infection  against  various 
tumors. 

3.  Frictioil. — This  acts  partly  by  producing  hyperemia, 
Tt\y  by  massage.     Tlie  benefit  dcri\'ed   from  liniments  is 
'partly  due  to  the  frictiun  used  in  their  application. 


Exercise  and  Masssge. — Althougli  countcrimtaitonorotherrcflcxatim* 
olttion  U  onir  in  tanmU  pan  rc^ponMbl«  for  ihc  cfTccis  of  exercise  ftml  massif, 
thOM  effecis  beiir  in  ^nae  parltculaiH  a  sulTii:ieiitly  cluic  resembUDce  lo  those 
of  couaCcrirriUtion  !■>  excuK  their  disca^ion  in  this  place. 

The  <)tin)u1aling  effect  of  ftxcrclse  in  htaith.  And  il^  um  for  ihc  preservfttion 
of  this,  and  for  tbie  development  of  the  body,  etc. ,  must  be  left  for  text  bujlcs 
of  phT9iolog7  and  hygiene. 

!■      It  is  applied  to  diseases  mainly  in  the  form  of  Sivedish 
moi^nunt  and  massa^i. 

The  Swedish  movement  consists  in  contracting  the 
muscles  against  resistance  furnished  by  tlie  operator. 


^Pbei: 


lis  advaolage  over  ordinary  exercise  Iir»  in  the  exactness  witli  which 
the  eflktrt  may  be  reguUled  oiid  m  Uie  possibility  of  coafioing  tht  work  lu  par- 
.ft'cular  miuclet. 


In   massage  the  patient  is  entirely  passive,  the  muscles 
ing  treated  by  the  masseur  (or  masseuse). 

The  nauscles  are  put  into  a  state  of  semiflexion  and  subjected  to  ■  manipu- 
latiuii,  geiieially  in  centripetal  direcliun.  The  various  muvcmcnls  consist  in 
stniking,  kneading,  friction,  percuMion,  and  their  modifications,  acconling  lo 
tbc  effect  which  it  15  intended  to  produce. 

The  results  depend  upon  counlcrirrilatioo,  local  changes  in  Ihe  ciiculatioQ 
«nd  mdaboliuii,  xc^vx  c-fTrclH  upon  the  central  nervous  9)-stcin,  and  ihc  results 
qT  eaeidse  in  impr^tving  the  geiieml  nutrition. 

To  produce  tlie  reflex  results  light  broking  or  percnssion  is  employed. 

Kneading  i»  more  eflftcicnt  to  relicTc  local  aw-eninss  or  edcmajL  It  is  easy 
to  ODOTince  nne'$  Mif  of  the  importance  of  lhi«  when  one  remembers  the 
rvpkUiy  with  which  llic  swelling  from  a  hypodennic  injection  may  he  mode  lo 
disappear  under  manipulation.  The  venou<  circulation,  and  especially  the 
tynphalic  circulation  jn  mUKle*,  are  influenced  very  largely  by  ihe  muscular 
moTcnkents,  and  are  in  this  way  grently  increased  1^  exercise,  and  still  more 
by  ina»«age. 

A  combination  of  all  the  movements  is  uiwd  when  it  is  desired  to  influence 
the  general  notrition  of  the  patient,  to  supply  general  exercise,  or  to  prevent 
atrophy  of  the  muscles  in  paValysU,  or  to  ornk  op  adhesions,  etc. 
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Acupuncture  is  the  process  of  pushing  needles  through 
tlic  skill  into  the  underlying  organs.  It  sets  up  a  certain 
amount  of  inflammator)'  reaction.  This  method  of  treat* 
meat  is  mucli  in  favor  among  the  Ciiinese.  It  is  practi- 
cally obsolete  among  other  civilized  peoples. 

Scarification  is  the  process  of  making  small  incisions 
with  a  knife  or  needles.  Irritants,  as  croton  oil.  may  be 
rubbed  into  the  resulting  wounds,  and  the  action  of  the 
drugs  will  so  be  considerably  increased. 

3,  Temperature — Hydrotherapy. — 

Tile  ctTcctA  nf  hat}i.s  arc  at  ][ir(rr1y  due  to  ihc  heat  or  cnid  that  ihcw 
may  be  iticluikd  umlrr  the  general  heading  of  Hydioiherapj-.  The  tmiinieni 
of  disease  by  these  means  is  really  a  veiy  ancient  practice,  alternately  popuUi 
and  neglected,  and  which  has  umlergoite  a  considerable  revival  in  the  nine- 
Iceiith  tetilury.  It  has  been  developed  so  extensively  s-s  to  con&tilate  >  ^lecul 
branch  of  Therapeutics,  and  its  treabse  ia  detail  musit  be  left  to  Ui!^  woiks. 

The  effects  of  heat  and  cold  present  a  certain  amount  of 
similarity,  both  being  irritants.  They  lead  to  dermatitis  of 
all  degrees,  from  simple  temporary  hyperemia  to  corrosion. 
The  results  of  this  countcrirritation  are  mainly  nervous,  at 
once  sedative  and  invigorating.  They  seem  to  favor  diges- 
tion, oxidation,  and  sleep.  They  increase  the  excretion  of 
nitrogen  (except  Russian  steam-baths,  and,  in  exceptional 
cases,  tepid  salt  water  baths). 

The  application  of  heat  acts,  of  course,  as  a  diaphoretic. 
(See  p.  302.) 

(A)  General  Effects  of  Cold  Baths;  /.  r',  tJtose  having  a 
Umpiraturc  near  or  bcl&zu  70*'  F.  (2 1*'  C). 

These  produce  at  first  a  contraction  of  the  cutaneous 
vessels  and.  in  consequence,  a  sensation  of  chilliness.  The 
respiration  is  reflexly  increased  and  becomes  gas|>ing.  If 
the  patient  is  kept  in  the  water,  the  Ixidy-tcmperature  may 
be  somewhat  reduced,  esjjecially  when  it  is  abnomutly 
high.  In  this  case  the  fall  will  continue  for  a  little  time 
after  the  patient  has  left  the  bath.  As  soon  as  the  cold  is 
removed  the  cutaneous  vessels  will  often  dilate  verj'  rapidly, 
bringing  an  abnormally  lai^c  amount  of  blood  to  the  sur- 
face. This  is  usually  the  case  when  the  skin  is  vigorously 
rubbed.  The  former,  the  reduction  of  temperature,  dclcf- 
mines  the  usefulness  of  cold  baths  \x\ftifer.  The  latter,  the 
effect  on  the  cutaneous  vessels,  acts  as  a  tonic.  The  exer- 
cise wliich  this  affords  to  these  vessels  also  serves  to  harden 
the  body  against  expostire. 


When  used  on  persons  with  feeble  circulation,  cold  baths 
arc  apt  to  do  harm  rather  than  good. 

Where  cold  ballis  are  nut  practicable,  they  may  be 
replaced  by  cold  affusions ,  cold  sponging,  or  by  the  cold  pack. 
In  the  latter  the  patient  is  wrapped  in  a  wet  sheet  wrung 
out  of  cold  water,  and  is  then  packed  in  several  blankets. 

Cold  has  the  same  effects  when  it  is  restricted  to  limited 
areas.  This  may  be  done  either  in  tlie  fomi  of  compresses 
wrung  out  of  cold  water  or  by  means  of  the  ice-bag.  These 
not  only  seem  to  be  useful  counterirritants,  but  also  appear 
to  lessen  infiannnation  dirccfJy  by  producing  constriction  of 
the  vessels.  Cold  foot-baths  are  very  efficient  in  checking 
the  menstrual  flow.  Cracked  ice  taken  by  tlie  mouth  is  one 
of  the  most  efficient  means  of  relieving  vomiting.  A  more 
intense  cold  and  artificial  freezing  of  the  tissues  are  employed 
as  local  anesthetics  (p.  239). 

(B)  Heat  ma)'  be  applied  cither  dry  or  moist. 

(a)  Heat  Bath. — i.  Sun  Bath. — The  direct  rays  of  the 
sun  produce  an  active  hyperemia  of  the  cutaneous  vessels 
and  may  lead  to  dermatitis.  Similarly  the  X-rays,  which 
have  found  therapeutic  application  for  this  purpose. 

Tbcy  produce  all  grades  of  ilemutiiis  nccordiDg  lo  Ibc  time  during  which 
ihcy  ue  applied  and  lo  the  Ruscpptlbility  of  the  indii-idual. 

Stnliffht  txerts  a  vfry  cofifpiciiout  /onu  ffftit.  Tins  is  indeed  in  greal 
part  psychic ;  but  ibe  oxidiziog  power  is  greater  iu  Kuolight  than  in  the  dark, 
evcD  in  tbe  cue  of  excised  lisaiies. 

2.  When  it  is  desired  to  have  the  action  of  heat  confined 
to  limited  areas,  this  is  usually  accomplished  by  hot-water 
bags  or  poultices. 

The  peculiar  advantage  or  the  poultice  ties  in  its  applying  heat  without 
changing  ihr  natural  inniitlnrc  of  the  skin.  The  oily  hiisiii  of  the  poul- 
tice will  neither  macerate  the  epidermis  nor  allow  it  to  lose  water.  The  oil 
also  aids  in  retaining  the  heat  of  the  poulike.  so  that  its  action  extends  more 
deeply  than  by  any  other  method  and  with  tcM  injury  to  the  superficial  Layers. 
A  poultice,  lo  be  useful,  muM  l>e  very  hot,  »n  hot  that  it  needs  tobeicpaiated 
from  the  skin  by  a  few  layers  of  flannel.  (For  methods  of  preparing  poultices 
see  p.  Si.) 

3.  A  somewhat  similar  result  can  be  attained  by  wet 
compresses  covered  by  india-rubber  or  gutta-percha,  to 
prevent  evaporation.  In  this  way  the  body  is  made  to 
furnish  tlie  heat. 

4.  When  the  application  of  dry  heat  is  intended  to  be 
more  general,  it  may  be  used  in  the  form  of  the  hot-air 
bath. 
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This  il  one  of  the  moal  efficient  diapborelic  oicMures.  The  simp)«st  torn 
of  ap{]licatioii  is  to  cover  the  uAticnt  witti  ta  sbunilant  supply  of  Itknk^u  in  ■ 
hot  room.  Other  ronns  arc  the  7'ttriiiA  bath,  or  llie  patient  xn^y  l>e  Malcil«n 
a  chair,  envelojied  in  a  blanket,  and  an  alcohoJic  lamp  placed  under  the  lal 
Oif  Uie  chair. 

5.  The  application  of  intense  Iieat  leads  to  cautery. 
According  to  the  apparatus  used,  this  is  spoken  of  as  tker- 
mocauterY  or gahaiKtcautery. 

A  Somewhat  anctetu  form  of  producing  a  deep  but  vefy  powetftU  aod  puo- 
ful  counienrritnlion  is  hy  placing  an  igniled  maxa^  a  small  cone  of  wSaiam- 
ble  nutcrial,  uu  the  skin. 

(b)  Moist  Heat. — General  Warm  Baths. 

The  exact  effect  of  bnths  will  vary  with  the  Icmpemlure.  Warm  h/h»tt 
those  with  icmperainrei  ranging  from  36*  to  29*  C.  (97"  10  85*  F.),  /M 
tatAs  are  above  this  leizipenituie. 

The  warm  baths  are  ttsed  mainly  to  lessen  internal  wn* 
gestion.  By  dilating  the  cutaneous  vessels  lhc\'  brin^,'  more 
blood  to  the  surface,  and  so  may  even  reduce  the  tempera- 
ture, and  may  be  employed  in  fevers.  By  drawing  blood 
from  the  brain  they  are  useful  in  insomnia,  etc.  ffothtks 
may  lead  to  an  actual  rise  in  the  temperature  of  the  bwij'if 
they  arc  sufficiently  prolonged.  They  are  only  used  to  pro- 
duce diaphoresis. 

Baths  may  be  rendered  more  specific  in  their  action'"' 
the  skin  by  the  addition  of  various  medicinal  agents,  fonn* 
ing  Medicated  Baths.     (See  p.  683.) 

Sail,  e${)«ciftlly  «ea  salt,  in  the  proportinn  of  3%  la  4*$,  inOUKi  "^ 
coantenniialion.  Acid  b«Th«  are  u-^il  when  a  more  intense  aclinn  i*  dt*™ 
with  the  minimum  effect  on  the  rpiilielium.  Alialine  and  iulpkur\^»^ 
usefnl  in  certain  skin  ilisenaes  in  winch  the  cpilhelium  is  thickened.  Hiey" 
also  employed  in  rheumatism,  whcic  their  effect  must  be  retlcic.  tjeoeni  ■•' 
tard  baths  were  formcriy  used  to  quicken  the  appefflrance  cif  the  ernprt'*  ■* 
exanthcmula.  They  are  at  present  very  little  employed.  Tbey  were  pKT*''' 
by  adding  mustard  io  water  in  the  proportion  of  ohoui  >^  \o  i  leatpoonfii)  >■>  * 
gsllun.  The  patient  is  left  in  this  hath  unly  until  he  feels  the  fint  banMf  *" 
the  skin. 

Local  baths  are  sometimes  employed  for  the  relief  w 
pain  or  to  change  the  blood  supply  of  a  part.  This  m^ 
generally  be  accomplished  more  efiectually  Ih-  poultices  o'' 
hot-water  bags.  An  exception  i^xKL\\oK  foot -baths.  Tl** 
cause  a  vasomotor  dilatation  not  onl)'  in  the  feet,  but  ^ 
in  the  whole  sfilanchnic  area.  They  are  therefore  usclw 
to  restore  the  menstrual  flow.  They  also  lessen  Cf>ngc**' 
in  the  lungs. 

The  effects  of  Rustian  or  Utam-ha/hj  are  vcrj-  iimilai  to  hot-wairt  fc** 
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Ttie  A'neifi  cure,  coimatiug  in  walking  tluuuuh  wet  gmsA  with  Imuc  feet,  is 

cucDiinliy  a  cold  foot-Wath. 

4.  Electricity. — 

^B     The  use  of  electricity  in  the  diagaoais  and  thempeuUcs  o{  diseasca  oT  the 

^^  ferifiheral  nents  has  I>ecoine  >o  cumpltcntcd  as  to  l»c  beyond  llie  limits  of  this 

treaiiM*,     Briefly,  the  indicatums  fur  its  lm-  arc  loproducc  irritation  oj  counter- 

I irritation,  nr  to  prevent  niuscleb  frum  atrupliy.  Thr  cnuntehrrilatioii  U  espe- 
Ctally  valuable  in  chronic  rheuinati»m.  It  is  enipluyed  hcrr  in  (he  form  of  the 
pararlic  corrcnt.  It  is  also  said  to  he  a  useful  irritant  in  alo];ccia,  when  it  ia 
■pplied  in  the  form  of  brush  electrodes. 


5.  Venesection,  Cupping,  and  Leeches.^  — 


I 


The  cfTecta  of  thuc  also  cotuist  in  Lhc  change  in  Uic  di&tnbutton  of  the 
blood.      They  arc  thenrfui*  nnnlugouft  to  counlcrirritnliun. 

It  has  already  been  pointed  out  timi  the  effect  of  suhculftiicous  and  inlni- 
vetiuus  injtctwn  of  norma!  salt  suhiiiom  b  someH-liiit  in  llie  nature  of  a  coun- 
(ennitation,  by  chemic  stimulation  of  the  vaKuIar  cndDthciiutn. 


»" 


(E)  RfeSUMfe  OF  THERAPEUTICS  OF  SKIN  IRRITANTS. 

I,  Therapeutic  Classification. — Tlicsc  irntants  may  be 
divided,  according'  to  the  extent  and  manner  of'  their  action, 
into  the  following  classes  : 

r.  ExUnsh'c  and  superficial,  without  injury  to  the  cpider- 
is  :  baths,  especially  salt-water  baths. 
3.  Fjctatsri't'  and  snperficiat,  with  softening  of  tfu  epider- 
mis :  sulphur  and  alkali  baths. 

J.  Local,  deep,  nutritive:  iodin,  etc. 
a     4.  Local,  superficial,  nutritive .-   metallic  salts,  etc. 
I    J,  Local,  superficial,  sensory,  brief:   volatile  oils,  turpen- 
tine, chloroform,  aconite,  etc. 

6.  Local,  deep,  sensory,  lasting:  capsicum,  caustics  (used 
only  in  vcterinar>'  practice) ;  vesicants  :  cantliarides,  amino- 
rliia.  chloroform. 

P     H.  The  indications  for  skin  irritants  ma)'  be  summarized 
as  follows : 

1.  In  skin  diseases. 

2.  To  produce  diaphoresis. 

3.  To  reflexly  affect  the  central  nen'ous  system,  espe- 
cially the  medulla.  The  volatile  irritants  are  here  the  most 
useful. 

'  Litcket  I  Hirudo)  are  applied  by  holding  them  to  (he  iJcin.  which  ba^  been 
moistened  with  milk.  They  fix  ih^m.-^lves,  nmke  a  peculiar  trimdialf!  cut  with 
their  nunilh,  and  draw  about  5  to  7  cc.  of  blood.  This  quantity  may  be 
Somewhat  mdciued  by  applying  hot  foroentations  after  removing  the  animal. 
Thnr  purpoae  can  Dsually  be  better  served  by  cupping. 
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4.   As  counterirritants : 

(rt)  To  cliango  die  distribution  of  the  blood  and  thereby 
diirinish  deep  chronic  inflammation. 

(h)  In  a  similar  manner  to  remove  inflammatory  exudates 
from  the  connective  tissue. 

(c)  To  diminish  pain. 

{d)  As  a  tonic  to  the  whole  body. 


Pbthbis. 
PffricurdUiiiorplt-urlsy. 

Flying  hl»ler  or  kina- 
pism,  ill  pleur1»yDr 
pneumonin. 

Vomiting. 


LarynniU^  h>-Ucrlc 


Cbronk-  ihlckcniiiK 
after  perilyphlllit. 


Owlan  irrtutkn. 


Acute  ibcunuitisfii 


Coal. 


Fig.  83.— Diaj^Ri  of  ibe  body  showiog  sotne  of  the  poinu  wboe  Uisien  <■ 
sinapisms  arc  lutually  applied.     Froot  siett.^Bnmtm.) 

III.  Explanatory. — I.  V or  tYair  use  in  skin  discasa,^ 
ChapiL-r  XXXI.  B. 

2.  For  use  as  limpluwctus,  see  page  303. 

3.  As  reflex  irritants  of  the  central  nervous  Systetf*' 

To  make  lliii  subject  clear  it  will  suffice  to  tecall  the  cAitcts  uf  *liiaBf~°|  ■* 
of  the  cemntl  end  of  ihe  tciatU  nenr.  A  moderate  stlimilation  of  this  _J^L 
produce^  refleicly,  a  Alowing  of  the  heart  ihnnigh  &titnalaiion  nf  tlir  ^5 
center  ;  a  risr  of  IiIuihI  prrMurr  thnni^h  vaMiinninr  Ktiinulntioa  ;  and  iat*^^ 
respiration  throuj;h  -linmlarion  of  the  rc^pimiury  center.  A  mid)  il*^^^ 
stimulalion  may  have  prrci&cly  the  uppusite  effect ;  /.  r.,  depress  tfaesr  c^^*^! 


ON   CIRCULATION, 


ro5 


The  same  phenomena  result  from  countcrirritants. 

Milder  degrees  of  the  action  arc  useful  in  resuscitating 
patients  from  syncope  or  from  profound  antsflwsia.  The 
quickest  action  may  be  obtained  either  by  givinj^  the  irntant 
hypodermically,  or  by  inhaling  a  volatile  irritant,  in  which 
case  it  acts  through  the  trigeminal.  One  may  also  employ 
electricity,  or  heat  or  cold  applied  to  tlie  skin. 

4.  (a)  and  ih)  To  affect  the  distribution  of  blood :  Local 


£pisUxi>.  ccicbral  con- 
XcMicm.ddirinin.and 
tcndcDi-'v  to  cuDu,  or 

in  Icvtr,  headache, 
K^ddtncflK,  tinniliu 
•Briton. 

Hcmoptjnis. 
lotercovtml  oeuimlgis.  - 


Rhcunultc  jfoat. . 


m 


•  Hcxdiichc,  giddiness, 
tinnitu!  aorium,  opb- 
Uwlmia. 


•  Fljrinjt  blister  or  sinM^ 
[lism.  in  |»Icuriay  ar 
pncumonln. 

■  Dj-smmoirfaca.  nntnal 
iiTltiitioii,  Icacorrbea. 


-ScikUcL 


Sciatica. 


\S 


i_Fig.  84.— Diagram  of  the  body  showing  some  of  th?  points  where  blisters  or 
"  siDspiinu  aie  usuaJly  applies!.     Back  view. — {SruHtcn.) 


changes  in  the  circulation  at  poin 
of  application  of  the  irritant,  arise 
continuity  with  the  seat  of  irritation, 
continuit)',  an  increased  vascutaritj' 
I  cnce  the  circulation  in  neighboring 
ays  :  It  either  causes  hyperemia 
neously  with  its  own  hyperemia, 
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ts  remote  from  the  seat 
either  directly  through 
or  through  reflexes.  By 
of  the  skin  may  influ- 
urgans  in  two  opposite 
of  the  organs  simulta- 
or  it  may  draw  blood 


Wc  see  R  hy])creiiua  of  this  kiod  in  the  cmsc  of  the  pelvic  orgatu  wlieti  thr 
intestinal  canal  is  tTTilatcd,  whereas  this  same  iniUtion  causes  an  aoejoia  ot 

(he  ccrebrti  oigans. 

Reflcxly,  changes  in  the  caliber  of  vessels  of  cutaneous 
areas  may  affect  the  vascularity  of  organs  at  a  distance, 
through  the  vasomotor  centers ; 

e,  g't  ^°<  "id  coLd  faoi-batiis  will  react  upon  the  circuUtiod  within  the  pdnc 
ot^ans. 

To  affect  the  vascularity  of  the  skin,  deeply  acting  and 
lasting  stimulation  will  bi;  required,  as  also  for  the  removal 
of  inflammatory  [>roducts. 

4  (c).  To  diminish  pain  :  It  has  long  been  known  that 
the  application  of  heat  or  counterirritants  in  certain  limited 
superficial  situations  modifies  painful  impressions  and  in- 
flammatory processes  in  internal  organs. 

These  observations  were  entirely  empirical,  but  some 
light  has  recently  been  thrown  on  this  subject  by  tlic  re- 
sults of  Head  on  the  innervation  of  viscera. 

Ilratl  cuiiies  to  the  cohcIu.muji  that  the  internal  u[|rans  and  definite  porttuiu 
of  ihc  fturTacc  of  iht-  txidy  receive  iheir  nerve  Aupjilr  from  the  aante  spinal  se^- 
mcnt«,  mid  that  irritAlion  of  the  one  will  react  ii)Min  the  other.  It  i«  rdxtark' 
able  huw  cluM:ly  the  ureas  which  he  mapped  out  expefimeDtallf  as  corrr- 
sponding  to  ihc  inlcnial  (rr^ns  corretponu  to  thoM  positions  on  which  iIk 
■pplicaltoa  of  rouiiiehrritiition  has  been  found  empirically  mmt  uKfid  (Fig*' 
S3  and  84}. 

Countcrirritation  is,  as  a  rule,  useful  only  in  chronic  in- 
flammation. In  acute  inBammation  there  is  always  a  dan- 
ger of  increasing  the  process  or  of  causing  it  to  extend  to 
neighboring  organs. 

Liniments:  Cutaneous  counterirritants  ore  uRmlly  employed  In  the  fom 
of  liniments  ;  i.^,  in  Miltilum  nr  suspension  in  oil.  Tbe  proportions  in  wUd 
they  arc  used  are  the  following  : 

Tr.  Capsicum  \ 

Tr.  Canlhnrides        j 
Ammonia  Water      / 


Tr.  Belladonna 

iirf>pium,  etc. 
Spirits  Chluroform 
Spiiits  l£d>eT 
Spirit;*  Cumptiur 
Tr.  lodin 
Tr.  Aconite 
Turpentine 
Sp.  Sinapis 
Essential  Oils 
Croton  Oil 
Creosote 


1:5- 


\- 
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The  Official  Liniments  are  very  good  represectatiTCS  of  this  class  of  prepa- 
rations.    The  composition  of  the  principal  ones  is  as  follows : 


U.S.P. 

B.P. 

^*^  Linimenium     Ammo-  Ammonia  •    •    •    •    3S 

Ammonia   ...     25 

rua  : 

Alcohol     ....      5 

Olive  Oil   ...    SO 

Water 60 

Almond  Oil    .    .    35 

Lin,  BeUadonna  : 

Camphor  ....      5 

F.  E.  Belladonna    50 

Fl,     Ext.     Bella- 

Camphor   ...      5 

donna  Root,  to  100 

Alcohol  ....     50 

u%  Lin.  Calais  : 

Lime-water,    I   equal 
Linseed  Oil,     /  parts. 

Lime-water,  \  equal 
Olive  Oil,       /parts. 

(Carron  Oil) 

^*,j  Lin.  Campkora  : 

Camphor    .        .    .     20 

Camphor    ...     25 

(Camphorated  Oil) 

Cotton-see4  Oil     .    80 

Cotton-seed  Oil     75 

^*^  Lin.  Chloroformi 

Chloroform    ...    30 

Chloroform     .    .    50 

Soap  Liniment          70 

Camphor      Lini- 
ment   ....     50 

^^  Lin.  Saponis  : 

(Soap  Liniment) 

Camphor  ....    45 

Camphor     ...    50 

Oil  Rosemary    .    .     lo 

Oil  Rosemary    .     20 

Alcohol      ....  750 

Alcohol  ....  850 

Water     ...   to  1000 

Water    .   .   to  1000 

This  is  practically  i 

identical  with  "Opodeldoc." 

Lin,  Saponis  Mollis  : 

Soft  Soap  ....    65 

(Tinctura  Saponis 

Oil  Lavender    .   .      2 

Viridis) 

Alcohol      ....    30 
Water    .    .    .    .  to  100 

ij%  LtM.  Sinapis  Composi-  Mustard  Oil  .    .    .      3 

turn  :  Fl.  Ext.  Mezereum  30 

Camphor    ....      6 

Castor  Oil      .    .         15 

Alcohol     ...  to  100 

Z,ir$.  Terebinthina  : 


Resin  Cerate 

■    65 

Camphor    .    .    . 

S 

Oil  Turpendne 

•    35 

Soft  Soap   .   .    . 

75 

Water     .    .    .    . 

2S 

Oil  Turpentine . 

65 

To  these  may  be  added  the  following  National  Formulary  Preparations  : 

Lin.  Aeoniti  et  Chloroformi :  Tr.  Aconite I 

Chloroform 1 

Soap  Liniment 6 

A  1$^  solution  in  oil  of  turpendne. 

lodin 12.5 

KI     . 5.0 

Glycerin 3.5 

Water 6.5 

Alcohol to  100.0 


^-*^  Lin,  Cantharidis  : 
ZAn,  Iodic 


Also  the  B.P.  Preparations: 
Linimentum  Camphora  Ammoniatum  : 
Stronger  Ammonia    ....  10 

Camphor 5 

Lavender  Oil X 

Alcohol to  40 


^  Linimentum  Aconiti  : 

Aconite 60 

Alcohol to  100 

Camphor 5 


The  most  important  preparations  are  marked  ^*y. 
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Linimetttum  Croltmit  r  ^*^timmfnlum  Siniipts  : 

Crolon  Oil      I.O              Vol.  Oil  Mo^tiud      .    .  1 

Cajeput  Oil 3,5              Camphor       ......  j 

Cutor  Oil 3.5               CftMorOil 7 

Alccbol     .......  4j 

Zrinimentum   TtrebiMlkiHn  AtetuHit : 

Turpentine 4 

tflflcial  Ac«lic  Add  ....  I  

Camphor  Lioimenl    ....  4 


In  all  cases : 


In  ipcciat  cases  : 


(F)  TREATMENT  OF  ULCERS. 

Befon  leaving  the  subject  uf  irritunlb,  it  may  be  well  to  sutnmamr  ' 
treatment  of  Ul<efi  from  a  phanndcolufpc  suuulpoint.      The  following  indi- 
cations  may  have  to  be  met : 

C  1.  To  stimulate  nomul  growth  aod  cell  divinoo. 
z.  To  fonn  a  protective  covcriiig  a|^n«l  the  irrita- 
tion of  the  iiir,  etc. 
.  }.  To  keep  the  surface  aseptic. 

4.  To  destnjy  unhenllb)-  tiswc. 
S-  To  leucn  jtain. 

ScTcral  objects  may  often  be  obiaintrd  by  the  same  drag,  Almosl  every 
irritant  produces  secoudaril)-  aDesthcsii.  Every  irriunl  which  c<j«gulales  pro- 
toplasm forms  a  protective  covering.  Almost  every  irrilADt  is  lo  sonic  exteot 
antiseptic.  But  according  as  one  or  the  other  action  predutninates  tl>*  ^"^ 
aseful  of  these  drugs  may  be  classified  lu  follows : 

1.  SiimulattHg  and  forming  a  rather  lasting  ptlUcU  of  eoaguiaXtJ  frtl»- 
fitium  ;  rojldly  antiseptic  : 

(li)  The  soluble  metallic  salts,  applied  with  a  brush,  in  2  lo  $<(  folnlMBS 
particttlarly  AgNO,  or  ZnSOj. 

(A  I  The  insoluble  metallic  ^Itjt  — these  also  act  u  absorbents:  Zincoaid; 
bismuth  subnilratc  or  ^ubgnllale  \  calomel.  The  l«<ii  two  sliuulil  only  be  used 
on  small  surfaces.  The  calumel  is  also  particularly  antibcpLic :  it  is  usually 
diluted  3  to  10  times  with  ZnO.  These  may  be  ui«d  dr^,  or  in  the  form  of 
ointments. 

2.  Stimuiating,  httptilieU  not  lotting: 


ZnCL.  I  % 
Alcohol,  so  to 
Chloral ,  2% 


SO%\ 


applied  with  brush. 


3.  Priktuting  a   listing  stimu/ittinn    atiti  a    restmota  /r^/intivt   tartnmf. 
Umally  incorporated  in  dressing.      Balsnnu  (se«  p.  689). 

4.  De  it  roving  tistut     AgNO,  stick  ;  CuSfJj,  5%. 

5.  Antiseptic :  Any  of  the  ii<tual  aniiiepiics  may  be  tued  for  clcaasine  the 
surface.  But  if  it  is  desired  (o  keep  it  antiseptic,  a  powder-drrssiog  stbowi  be 
used,  such  as  Iodoform,  Aristol.  Boric  Acid  (impal)>able  powder),  fihaiil 
These  also  act  as  absorbents. 


(G)   PARASITICIDES  APPLICABLE  TO  THE  SKIN. 

Allied  to  tlie  cutaneous  irritant^  arc  the  dnigs  used  to 
destroy  parasites  infL-sting  the  skin.  Any  antiseptic  may  be 
used  for  this  purpose,  provided  it  can  be  applied   in  oily 

The  most  important  ptepantions  are  nuriced  ,*^ 
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solution.  Against  bacterial  and  other  vegetable  orgiinisms 
(such  as  Trichophyton  tonsurans)  the  most  popular  are  the 
mercury  preparations — Unguentum  Hydrargyri  Amnioiiiati, 
or  Nitratis.  Also  sulphur,  tar,  and  the  various  balsams. 
All  these  act,  not  only  by  killing  the  bacteria,  but  also  by 
causing  desquamation,  removing  the  more  superficial  organ- 
isms mechanically,  and  exjxising  the  deeper-lying  parasites 
to  the  influence  of  the  drugs. 

or  animal  parasites  of  the  skin,  Scabies,  the  "itch," — 
Sarcoptis  hominis, — is  the  most  important.  It  is  treated 
most  efficiently  witli  sulphur.  Tar,  I^alsam  of  Peru,  etc., 
are  also  used. 

Against  PcdicuU,  tlie  best  treatment—besides  cleanliness 
— consists  probably  in  Unguentum  Hydrai^yri.  However, 
Insect  Powders  (tlic  powdered  flowers  of  species  of  Pyreth- 
rum — Persian  powder — and  of  Clir>'santliemum  cinerariae- 
folium — Dalmatian  powder) — are  used  ;  also  Veratrin  and 
the  Sabadilla  seeds  contiining  it ;  Staphisagria  ;  Picroto.xi- 
num.  All  these  are  so  poisonous,  should  they  be  absorbed, 
that  they  are  not  advisable. 


CHAPTER   XXX. 
SPECIFIC  IRRITANTS  OF  THE  ALIMENTARY  CANAL. 

(INCLUDING  ANTHELMINTICS.) 
It  has  already  been  pointed  out  that  certain  irritant  sub- 
stances confine  their  action  mainly  to  the  alimentary  canal. 
These  are  the  Stamadiics,  Cayiiiinatiiifs,  and  Vcgetabie  Ca- 
thartics. 


(A)  STOMACHICS. 
These  may  be  difimd  as  drugs  which  favorably  modify 
the  digestive  process  in  various  functional  disorders,  and 
whose  action  rests  neither  on  a  chemic  nor  on  a  ph)'Stcal 
,  basis. 

The  last  portion  of  the  definitioo  excludes  fenDcnts,  uids  and  alkalies,  and 


7»0  IRRITANTS  OP  THE  AUMEN'TARV  CANAL. 

These  substances  are  characterized  by  a  marked  aiid 
sharp  taste,  either  hitUr  or  "  aromatic." 

A  mixture  or  tlic  two  gives  the  "aromatic  hitters.'*     If  tlir  bitten  bIw 

COntaiu  lannin,  ihey  aie  called  ^*  mtriugent  hitters.^* 

Manner  of  Action. — Attempts  to  verify  the  action  of 
these  stomachics  experimentiUy  have  not  met  with  success  ; 
whereas,  clinically,  their  usefulness  is  beyond  dispute.  This 
need  scarcely  be  considered  contradictor)'.  In  the  experi- 
mental investigations,  the  conditions  were  almost  always 
those  of  health,  whereas  the  clinical  results  have  been  ob- 
tained on  cases  of  disease. 

Iron  fumiiJies  as  onollier  example  of  a  drag  whicb  has  no  actioi]  (on 
heniuglobin  funuation)  ici  hcaltli,  but  an  uudoublcd  effect  in  disease. 

In  this  dearth  of  positive  experimental  results  it  is  impo»- 
sible  to  say  what  constitutes  the  diflerence  in  the  action  of 
the  two  classes — aromatics  and  bitters.  Nor  is  it  possible 
to  predict,  even  by  empirical  rules,  whicli  will  prove  the 
more  useful  in  a  given  case.  However,  some  diflerence 
appears  to  e.xist,  and  they  are  therefore  usefully  combined, 
and  indeed  their  action  and  taste  can  both  be  greatly  im- 
proved by  judicious  blending. 

What  is  known  about  the  general  actions  of  these  sub- 
stances furnishes  some  indication  as  to  the  lines  along  which 
their  specific  stomachic  action  is  probably  to  be  explained. 

1.  Like  all  substances  with  a  marked  taste,  tlicy  increase 
reflcxly  the  flow  of  aU  digestive  fluids,  as  well  as  the  move- 
ments of  the  stomach.  In  the  bitters  this  taste  is  particu- 
larly lasting. 

2.  Tlie  aromatics,  like  otlier  volatile  oils,  cause  an  irrita- 
tion, hyperemia,  and  increased  secretion  and  motility  of 
the  alimentarj'  canal,  with  consequent  improvement  in  di- 
gestion, absorption,  timi  a/>pititi\  It  is  likely,  but  no< 
proven,  that  bitters  also  cause  an  irritation,  leading  reBexly 
to  the  san»e  results.  This  might  be  explained  by  tfietr 
irritating  specifically  some  ner\'ous  end-structures  in  tl»c 
stomach,  as  they  do  in  the  tongue. 

3.  All  these  substances  are  more  or  less  antiputrefactive, 
and  tend  to  lessen  the  development  of  bacteria  or  yeast 
and  thereby  the  abnormal  fermentations  dependent  on 
these. 

Small  doses  of  other  irritants,  such  as  Ipecac.  Rhubarb, 
and  Aloes,  also  act  as  stomachics.     Vcr>'  similar  results  aic 
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obtained  by  alcohol  and  by  the  various  condiments — salt ; 
acid,  as  in  vinegar;  sharp,  as  in  mustard,  etc. 

The  use  of  these  substances  dates  from  the  most  ancient 
times,  and  the  "spices  of  tlie  orient"  have  played  a  con- 
siderable role  in  the  coniniercial  liistory  uf  the  globe.  And 
the  bitter  subsfcmces  have  held,  and  still  hold,  a  very  promi- 
nent place  in  popular  medicine. 

Their  USGS  may  be  summarized  as  follows : 

1.  To  modify  or  improve  the  ta.ste  of  food  or  medicines ; 
also  to  obscure  a  "  l>ad  tiiste  in  the  mouth." 

2.  To  increase  digestion  in  cases  of  overeating,  either  in 
overindulgence  in  the  pleasures  of  the  table,  or  when  it  is 
desired  to  subject  a  patient  to  "forced  feeding."  In  the 
latter  case  they  act  as  ttmirs. 

3.  To  increase  appetite,  from  whatever  cause  this  be  de- 
ficient 

4.  To  improve  digestion  in  all  kinds  of  "  atonic  "  dyspep- 
sias. 

5.  As  antcmctics. 

Stomachics  are  always  administered  shortly  before  meals. 
If  there  is  a  catarrlial  condition. — i.  c,  a  subacute  or  chronic 
inflammation, — the  tannin  of  the  astringent  bitters  is  apt  to 
be  very  useful.  Ordinarily  it  is  not  so.  It  must  ha  es- 
pecially avoided  when  the  bitter  is  to  be  prescribed  with 
iron,  since  this  makes  an  unsightly  mixture.  Tannin-frce 
are  the  simple  bitters  (page  7 1 2)  an<l  the  majority  of  the 
aromatic  bitters  (page  714)-  Pharmacists  have  attempted 
to  prepare  **  detannated  tinrturcs,"  by  precipitating  the 
tannin  witl)  iron,  gelatin,  hide,  etc.  But  so  far  tliese  arc 
not  very  successful. 

In  Ihis  class  of  slomachJcs  comes  properly  n  new  synthelic  compounil, 
Orexin.  Its  tannate  is  pntctkally  tasteless  aitd  insoluble,  and  yet  il  excru  a 
vcn-  pronoanced  actioa  io  mcrcoJitng  appetite  and  digeiiition,  Mimewhat  like 
ihe  gniap  )iiM  diiticusserl .  It  al«n  prerenls  the  (li«tre«t  wtiicli  fnllows  llie  eat- 
ing of  certain  subscsnces — ^uch  as  rnilishes,  etc. — in  individuals  who  have  aa 
idiosyncnur  agiiost  them.  Doif  :  o. l  to  0.4  Grn.  (3  to  fr  grains)  in  powden, 
beftncmMU. 


B 


(B)  CARMINATIVES. 
This  class  comprises  certain  aromatic  oils  exerting  an 
irritant  action  upon  the  intestine,  being  somewhat  specific 
in  causing  the  expulsion  of  gas  rather  than  of  fluid  or  solid 
contents.  Since  they  are  also  antiseptic,  they  arc  especially 
useful   in  abnormal   fermentation,   removing   at   once   the 
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discomfort  caused  by  the  gas,  and  checking  the  grouth 
of  the  bacteria  which  gives  rise  to  it.  They  also  forni 
useful  additions  to  laxative  mixtures,  since  they  diminish  the 
"griping." 


MATERIA  MEDICA  OF  STOMACHICS  AND  CARMINATIVES. 

Tile  number  of  bittrr  KUbi^Uiiicrs  ant)  catiniiuitivi^t  U  to  excessiTcljr  Ul|e 
thai  space  will  permit  of  the  pnuracnUiun  uf  nnlj*  ibc  most  impoituU.  TIkj' 
will  tw  subdivided  as  in  the  text. 


I 


I.  Simple  Bittera 

{i.f.t  practically  free  from  sromilic  oiN  nr  umnin).    Con  be  mixed  with  water. 
I'he  tinctures  have  for  the  most  part  i  strength  of  lo^ . 

TJxc   pu*f  ulkaloidi,  e>peciaUy 

Quiftin   Suifhatf,  0.05  (itn.    {l   grain);   StrychniH   SH/pkufr^  O.OOI   Gn. 
(A  gr^'i  I ;  Bcritritt  mffAatr,  o.  I  to  0.3  Gm.  (a  to  5  grains). 

Caluniba  {U.S.P..  B.P.). — CohmSo. — The  root  u(  yatenrrir^  /laimatH, 
MenLs]Knnacex.      Eo-^tcni  AJtica;  oiltiTotcd  in  East  India  islandv 
Preparatium ." 

ExtraUum    Catumba  Fluidum   (U.S.P.). — iictt:  0.3  to  Z  cc.  (5  111  JO 
minims]. 

TimtHra  Cahmha  (U.S. P.,  B.P,). — lo^.     £>*$*:  4  to  15  cc  (I  to  4 
dntchnis). 

Infusum  Caiumha:  (B.P.). — Do^e :   15  to  30  cc.  (  t^  to  I  o*,>. 

Genliana'  (U.S.P.). — GttUitiH. — The  root  of  GemiaHa  ItUr^^  nrnliinW 
Switzerland. 

Extractum  Cfntiatut  (U.S.P.,  B.P.V — Used  as  pill  exctpient. 

Exfrattum   C^tiana  EluiJttm   (U.S.P.).— /Jrt*f .    0.3  to   i  cc.  (5   to  jO 
li)inim.<i). 

^*^Tincfura    GmtiaHa   CtrnJ^tiia   (U.S.P..   B.P.). — lo^  ;    with    BltUi 
Orange  Peel  and  Cardamom.       Dose  ;  4  to  15  cc.  ( I  to  4  dracfaou) . 

^*:^EHxir  Gentiana  (N.F,). — 3.5;t  ;  detannaled  by  iron.     />..//;  8  to  JO 
CC.  (2  to  8  drachms). 

Jnfu$um  Gfntiana  Ctmpoiitum  (B.P. ). — Contains  Billet  Orange  Peel  and 
Lemon  Peel.     D<ve:  15  In  30  cc.  (i^  to  I  ox.) . 

QuasBia  (U.S.P.^  B.P.). — The  wood  of  PitrtTMO  exteha,  Slmarubcat. 
Jamaica. 
PreptiratWHs  : 

Extractum  Quastitr  (U.S.P.). — D#sf :  O.03  to  O.a  Gm.  ()^  to  3  graii»V 

Extraftum   Quasshr  fiuUum   (U.S.P.). — Don  :   l.o  to  4.0  cc  \%  In  t 
drachm). 

TiMftura  Quaisia{\},%.V.t  B.P.).— lo;*.     Due:  3.0  to  S.o  cc  (>£  tot 
drachms). 

Infutum  Quattia  {^.V.). — \^  in  ^W^/ water.       D»u:  15tny>c.c  Oi  to 
1  oz.|. 

Liquot  Quassia  Catumtrutut  (B.P.)- — (0% .     I>i4t .-  3  U)  4  CC.  <  >(  U>  I 
dtarhm). 

Chirata  (U.S.P.,  B  P.).— The  eniire  plant  of  Swrtia  CHrmta,  GeatA- 
anex.     Northern  India. 


1  Gentian  contains  a  small  amount  of  Tannin :  not  enough  to  make  U 
ajUriogenl,  bat  safiicicnt  lo  causr  a  dcotlutaiion  with  ikju. 

The  most  important  preparations  ore  ntorkcd  y.*^. 
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Prtparatiims  ; 

Exlraetum  CAiraia  FluiJum  (\3.%.f.),—J>ou:  2.0  to  4.0  c.C.  {%  lo 
1   diKcbm). 

Tittetura  Chiratit  (U.S.P.,  B.P.).— Io%.  Dote:  a.o  lo  8.0  c.c.  (%  to 
3  drMbnis). 

Liquor  Ckirata  Cencfntratut  (B.P.). — S^^-  ^t^a :  3  to  4  c.C-  {%  to 
I  dractim}. 

/n/uium   ChiraU  (B.P.).— 5%.      Dvse :    15  to  JO  c.c.    {%  to   1   o*.)- 

Tarazacum    (U.S.F.,    B.F.). — Dandeliffn. — 'ITie    root    of    Taraxacum 

I^'ivMd/c,  CoinposiCx.     Temperate  ioik. 

Extra^unt    'J'aruxiui  (L'.S.P.,   B.P.)-— As  (m11  excipient. 

Exfractum   Taraxaci  FlMhiuw  (U.S.P.,   B.i'.). — Dosf  :  4.0  lo  tJ.O  c.C 

to  4  dnkchou). 

^*^£/ixir  Taraxad  O^mjunitiim  (N.F.V — With  aruniatics.     As  flaror. 

LSurfiu  Taraxtui  (B.P.). — Dtisf  :  4  to  8  c.c.   [I  to  2  dracbntt). 
Nux  Vomica. — S«c  page  175. 
II.  Aatringent  Bitters. 
With  llww,  lannio    b    a    prnminnit    ingredient,    wTiilM    volatile  oil*  are 
Knt  only  in   stnall  (jaaTiiiry,  if  ni    all.     Tbr  preparations  can  be  mixed 

with  VfitCT. 

Cascatilla  (U.S.?.,  B.P.).— The  bark  of  Cn^tm  Elutrria,  Eupfaurbiace^e. 
BahwDa.     £>Oit :  0.6  lo  3.0  Cm.  {  id  to  30  pmios). 

In/uium  CauarilLe  (  B.P.I. — S%  •     Dost :  15  to  30  c.c  (  ^  lo  I  oj.), 
Timtura   r«jr<2ri7/«- (B.P.).— 30^.      Doie  :   2t04CC.(^  to  I  draclim). 

Ciocbona. — See  pajt*  350, 

*  CoDduranKO. — The  bark  of  Mandenia  Coutfurango,  A.icleptadce. 
Ecuador.  Said  to  liaTc  a  spcctfic  cflfcct  in  carcinoma  and  ulcer  of  the  Momach. 
Prf^antfiffHs  : 

*  Extrnetum  Condurartgo  FluiJuut. — Dese  :  l.O  to  I.5  c.c  (15  to  25 
mintou). 

,*,  llftum  ConJufOMgc — I  :  ID.     Dine:  4  c.c.  (l  diachm'i. 
Serpentaria   (U.S.P.,    B.P.). —  rirginia  SnaJterev/. — The  rhizome   and 
Too(»  of  AnttoItK-hia  Serpentaria  and  of  A.  reticuiaia^  Ariatolochiacea:.    United 

•  States. 
PrepttratiffHs  : 

Exlnicmm  Serpentaria  Fluiditm  (U.S.P.).— ZW/ .'  0.6  to  2  C.C.  (lO  lo 
30  rainimjt). 

TtmiHra  Serpentaria  (L'.S.P.,  lO^C^)  [B.P.,  20^].— Xltfj/.-  2.0  to  8.0 
CC  <^  to  2  drachms). 

LifNar  Serpemfariie  Ct»uenfni/Ms  (B.P.). — 50%.  Dae:  2  to  4  C.C.  ( j^  to 
1  drachm). 

Cimicifuga  (U.S  P.,  B.P.). — B/ae/t  Snakercal,  Blaek  CVA<'j4.— The  At* 
mme  and  roots  of  Omid/uga  raeemosa,  Ranuncutacen;.     North  America. 
I'teptiratii'n^  fmade  with  strong  alcf^ol  and  not  miscthle  with  water)  : 

Extraetum  tVw/rf/wAWlU.S.P.). — Datr :  O.06  to  0.3  Gm.  (I  to  5  grains). 

Extrn.tum  Cimi..tf'u)i,r  Fluidum  (U.S.P.,  B.P-). — Doit:  2.0  lo  4.0  c.c 
{%  lo  I  drachm). 

Tinctura  Cimieifi^a  (U.S.P.,  aojt)  [B.P..  lOjfe]— />«#.•  2.0  to  8.0 
C.C.  (  4  to  2  drachm-). 

Cusparue  Cortei  (B.P.). — AngoUnra  B'irk,  Cuiparia. — The  bark  of 
Cuiparia  //^n/ttgn,  Rulaccse.  Tropical  South  America.  D&se:  0.6  to  2  5 
Gm.  (10  lo  40  grains). 

*Not  ofltcJnl. 

The  rao&l  iraportaal  preparatiotu  ore  marked  ^  %. 
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111.  Aromatic  Bitters. 

TbcK  coatlUa  both  luxMnalic  oils  and  bitter  pnnciplnit  but  no  UonitL 
Tbeir  alcoholic  prepamtioiu  camiot  b«  mixed  with  wiiler  wiiboot  turbidity  lor 
filtering ). 

Cftlamus  (U.S.P.l- — Stvrtf  fJa^- — The  rhizome  of  Atarut  Calamiu, 
Arnidnc.     Europe  and  North  Ainrrica. 

Extrattum  Calami  nmdum  (t'.S.P.). — Don :  1.0  to  40  cc  \%  to  I 
drachm  1. 

Aurtntii  AmsH  Cortex  (U.S.P. )  \Auraitiii  Cortex  SUcatm  and  fif<tm. 
B.P.  ]. — The  rind  of  the  fruit  of  Citrus  vnl^arii  {^Citrus  Aurantium,  •«■.  U- 
gandiu.  H.P.J,  Rutum;.     Cultivated  in  subtropical  countries 
Prt/Hsratiom  : 

Extrattum  AurantH  Amari  FluiJum  iU.S.P.). — Ik^e :  3.0  to  4.0  cc. 
(){  In  f  drarhm). 

B*,  Twitur.i  Attranrii  Amah  (U.S.P..  B.P.)-— »J6.  J?«t :  4.0  to  8.0 
cc.  (I  to  2  drachms). 

Infuium  Aurtm/ii  (B.P.).— 5^.     Dav  ■  1$  to  30  cc.  (^  lo  I  Ot.). 

/n/usrim  Aiiratttii  Cpmfiositum  (B.P.)  contains  other  iromatici.  Ihii  u 
the  infusion ;  also  enters  into  Sympus  Aroiufllicus,  S3rr.  AunuiUi.  and  Via. 
Auranlii  (B.P.). 

Absinthium  (U.S.P.) — ff^rwrrmw/. — The  leaves  and  lops  of  ArttmtM 
Abiinthium,  Compositar,     Europe. 
PrtparndaHS  : 

•  OUum  Absinthii, — Prep,  by  distiUalion.  D(>$t :  Ojo$  to  0.I  C-C  (1  to  > 
drops) . 

•  tnfmum  Abtinthii. — I  :  16.     Dotf  :  30  to  60  cc  (  5j  ^  5)- 

•  Abiituftf. — A  liqueur  conMsting  r^scnlially  of  a  solutitHi  of  the  oil  in  alco- 
hol, of  a  strength  of  about  50% ,  with  the  adtUtioo  of  aTomallcs  and  colunof- 
matlcr.  Ordinttry  amounts  have  eflTccts  analogous  lo  ibov  of  alcohol,  bat  tf 
taken  in  excessive  qunntilien,  it  inducer  maniu  and  epi1eptif<.<mi  cuodilioitt 

•  Achillea.  —  Yarroxv. — The  berb  of  AcMt/Ua  mtUtJi^iHm^  CiHnpoMbc. 
Notilum  icmpcralc  zone.     Vote:  a  I04  Om. 

Humulus. — A1«o  arts  afi  bitter.     For  Materia  Medics  see  pa^e  337. 

•  Panax. — Cinseng.  —The  root  of  P.iua.r  quinqutfttliHm,  Araliacear,  Terr 
highly  valued  by  the  Chinese,  belongs  to  Ibis  series.  So  do  atJker  tpt<in  ti 
Panax  and  Amlia. 

IV.  Other  "  Bitters  "  Used  in  Oomestic  Medicine 
are  the  following:  Cntcus  .\rvensis,  .-titiiliis  j;labm.  .\){rttn»iiin  Eupaiona, 
I^antago  major,  ScrophuUria  nodo^,  Lapjia  otKcioalis  .Adiantum  prdattm, 
Coptia  trifolia,  Eupatorium  purpurpiim,  Fraxinus,  Vibuniutn  pmnifnluim,  Sar- 
racenia  purpurea,  S«xifraf>n  l*cnn<j'lvanica,  Pentslemon  piilicsceu*,  Cynoglosaiun 
officinale,  Asiminn  iriloba.  Menispenniun  Cnnaden!;e.  Gratiula  vitgicucm, 
Dipucus  sylvestris,  Cephalanlhus  occidenlali-s  Ambrosia  hidenlata,  C^euia 
rivnle,  Lycopus  Vir^inicus,  Menynnthes  trifolia.  Polyjionis  nflicinalis.  Pnnos 
wrticillnta,  SabbatJa  campesiris,  Scutellaria  laiifolin.  Simaniba  officinalis, 
Marnibium  vulgare,  Berberis  vulgaris,  Boldoa  (nfftnn,  CbondrodendKHi  t»- 
mento»um,  Fra^em  CaroHnenM*. 

These  possess  no  adranU);e  over  the  official  Bitten. 

V.  Compound  Bitters. 

The  lAste  and  efTecl  of  bitters  may  be  greatly  enhanced  by  a  proper  bleiMl- 
ing.  Indeed,  the^e  compound  preparations  almoM  always  deserve  the  pntO' 
ence.     The  official  mixtures  have  already  hern  menboned,  via.  : 

Tinctura  Gtniiana  C/frnfiosi/a  (U.S.P.,  B.P.).— See  page  712. 

•Not  official. 

The  most  important  prepaiations  ore  marked  «*,. 
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Elixir  Aromaticum  (U.S.P.). — See  page  124. 
Also  the  National  Fonaulary  ; 

Elixir  GenHafux  (Df/annaia). — See  page  712. 

Elixir  Taraxacum  Conipositum. — See  page  713' 
To  these  may  be  added  : 

•  Tinciura  Amara  (N.F.). — Dose:  4  to  8  c.c.  {l  to  2  drachms). 

*  VinuM  Aurantii   Compositum  (N.F.). — Dose:    5    to   15   c.c.   (2  to  4 
drachms). 


VI.  Aromatics,  Carminatives*  and  Condiments. 

Here  belong  in  the  first  place  the  oils  distilled  from  the  Aromatic  Bitters. 
Many  of  the  members  of  this  group  have  already  been  mentioned  under  Flavors 
(see  p.  122).  The  preparations  of  the  Aromatics  are  of  course  immiscible  with 
water.  In  addition  to  the  Aromatics  enumerated  in  the  subjoined  table  (pp. 
716  and  7x7),  the  following  drugs  of  other  groups  act  also  as  carminatives : 

Myrrka.     See  page  68g. 
Aiafetida.     See  page  685. 
VaUriana.     See  page  685. 
Camphora,     See  page  468. 
Capsicum.     See  page  696, 

The  following  mixttires  may  be  taken  as  types : 

,%  Misiura  Magnesia  et  Asa/atida  (N.F.). — Magnesium  Carbonate  $%, 
Tinct.  Asafetida  7.5J&,  Tinct.  Opium  1%.  Dose:  2  to  8  c.c.  (>^  to  2 
drachms). 

»%  Tinctura  Capsici  tt  Myrrka  (N.F.). — Capsicum  3^,  Myirh  12.5^. 
Dose:  0.6  to  2  c.c.  (10  to  30  minims). 


(C)  VEGETABLE  CATHARTICS. 
I.  MANNER  OF  ACTION. 

All  vegetable  irritants  increase  preristalsis  when  taken 
by  mouth.  However,  those  which  have  been  classed  as 
cutaneous  irritants  produce,  when  taken  internally,  a  more 
marked  effect  upon  the  stomach,  leading  to  vomiting  ;  others 
act  more  specifically  as  carminatives  ;  while  still  others  tend 
to  produce  nephritis.  These  cannot  be  used  in  practice 
to  affect  peristalsis.  The  term  "vegetable  cathartic"  is 
therefore  restricted  to  those  which  irritate  the  intestine  in  a 
somewhat  specific  manner,  with  a  much  lesser  action,  if  any, 
on  skin,  stomach,  or  kidneys. 

The  reason  for  this  peculiar  limitation  of  their  irritant 
action  to  the  intestinal  canal  depends  upon  their  solubility 
or  on  certain  phenomena  of  decomposition,  both  brought 
about  by  the  alkaline  reaction  of  the  intestine. 

•Not  official. 

The  most  important  preparations  are  marked  «%. 


7.6 


IRRITANTS  OF  THE  ALIMENTARY  CASAI-        CH    XXX. 


<       o         o 


as 


8 

< 
> 

H 
•< 

i 


I 


2    2JS 


"V~T 


« i  ^ 


£2*        o     o     Ss     £5     o 


9 


?*        ^S 


?|      "S       *,<6 


i 

u 

u 

■c 

I 


t 


O 
(4 

< 

O 
U 


•5     b       b     b 
* a a a_ 


I?     nv 
£       S3 


S 


£       32 


5 
s 

7 


is  r 


-I    8 


i 


I  I 


i    i 


i 

I 


z     s: 


1 


X 

o 
5 


8    sSicc 


c 

il 

|5 


2:  I,    I 


ji.y 


-I 

a"  s 


i : 


CARMINATIVES. 


717 


k 

u 

.5^: 

c 

d 

d 

d 

■o 

■D 

S'S 

B 

E 

E 

E 

^ 

* 

>"- 

t') 

« 

lA 

irt 

2 

2 

£- 

0 

0 

3 

0 

" 

ft 

-" 

- 

- 

- 

" 

"7 

t»> 

•^e 

f^ 

r^i 

ag 

m 

0  CO 

d 

6  3 

6 

S 

0 

£ 

2  3 

0 

£2 

0 

2 

* 

oo 

6 

i 
0 

■8^ 

d 

•8 

a 

0 

u 

5 

"B 

^ 

"■ 

N 

•E 

M 

u 
2  . 

1 

si 

■s 

0 

u 

3  = 

0 

15 

1 

5i 

^I 

S-£ 

E 

e 

B 

B 

3 

y 

^1 

oi^ 

_^ 

3 

0 

3 

0 

V 

0 

• 

' 

& 

b 

ff 

9^ 

% 

% 

% 

9, 

% 

s 

g 

2 

2 

£ 

£ 

Q 

e 

e 

e 

0 

e 

e 

(ft 

e 

ift 

0 

q 

9 

q 

q 

q 

i3 

H 

(i 

li 

n 

n 

fi 

n 

S 

5 

0 

0 

0 

0 

0 

W 
6 

d 

•0 
d 

d 

d 

d 

-■0  c 

u  e  k 

&*  4) 

s 

■0  c 

■0 

E  c 

i 
1 

safe*: 

U3 

B    u 

b-  vj;  B.J. 

s 

1 

a 
1 

1 

S 

1 

D 

1 

D 

1 
B 

1 
B 

D 

-- P  s « 

OS       c 
SB     S 

■a 

1 

E 

E 
2 
■0 

c 

E 

u 

a 
U 
E 

S     e 

Tgss 

"3  ff 

1^ 

3 

.S 

0  . 

si 

n 

g 

u 

sE 

>•  a 

[fa 

b. 

u. 

b. 

b 

(1. 

u. 

H      Dtf 

E 
3 
E 
0 

E 

-3 
.3 

1^ 

51 

3s 

I: 
is 

Is 

-ii  B 

u  ■ 

1 

E 

1  a 
1  s 

s- 

l| 

¥ 

1^ 

li 

5« 

5* 

c 
< 

1? 

■8     -3 

O  3 

2    I 


1^ 


Tliu-s  caKkir  oil  and  c[<min  uil  becuiuc  active  only  when  their  fatly  adds 
are  liheraif^d  ;  cmlun  uil  curilain^  M>inc  free  acid  and  U  liicrrfare  pusiulanl  alio 
on  the  skin.  The  group  of  "reditu"  ure  insoluble  in  water,  but  ore  also 
decomposed  by  Hlkalics,  and  bccuntc  miIuUc  at  this  time. 

The  reason  why  they  do  not  cause  nephritis  is  to  be 
sought  in  the  fact  that  the  decomposition  products  become 
again  inactive  in  the  circtilation.  These  drugs  are  na'tr 
corrosive.  The  grcnter  tmnibcr  are  not  even  toxic  to  cells. 
Wiien  necrotic  changes  are  found,  these  are  the  result  of  the 
violent  inflammation  (just  as  in  the  case  of  colchicin  or  of 
arsenic). 

The  infiammatory  action  usually  aflfccts  only  the  sensory 
endings  which  have  to  do  with  the  setting-up  of  peristaltic 
impulses  ;  but  the  action  may  extend  deeper,  and  involve  the 
muscles,  etc.  The  result  of  the  irritation  is  an  increased 
pcristahis,  with  consequent  hyperemia.  If  the  irritition  is 
violent,  it  also  produces  pain  (colic  or  "griping"). 

The  quickened  peristalsis  will  cause  expulsion  of  the 
intestinal  contents  before  there  is  time  for  the  absorption 
of  liquid  which  normally  occurs  (especially  from  the  large 
intestine).  The  sto^ils  are  consequently  soft  to  scmiHuid 
or  hquid,  according  to  the  violence  of  the  |3cristalsis. 

It  Tollows  from  this,  that  with  tnodcrote  doses  the  Huid  oi  the  lUmb  b  Dot 
derived  from  the  Ijmucs  ;  none  the  Lc^n,  itioie  become  drier.  «ince  the;  arc 
prevented  from  reptncing  the  water  lo^t  by  tirine  aitd  rrspirolion.  Dole* 
which  produce  inl1anin\ation  may,  however,  cause  an  intliunmstory  exudate  to 

be  tlirtiwn  into  the  intestine. 

If  the  vegetable  cathartics  are  injected  into  the  blood  in- 
stead of  being  taken  by  tlie  mouth,  some  of  them  produce 
increased  peristalsis,  others  do  not.  The  effect,  when  it 
exists,  is  probably  due  to  their  being  excreted  into  the  in* 
tcstine.  They  arc  therefore  never  used  by  hypodertrtu:  tj/>- 
plication  in  practice.  Such  injections  would  also  be  very 
painful,  and  may  lead  to  abscess-foniiation.  It  is  charac* 
teristic  of  these  vegetable  cathartics  that,  when  they  are 
administered  by  the  mouth,  they  produce  a  more  certain 
and  more  extensive  action  if  given  in  the  form  of  prepara- 
tions of  the  crude  drugs,  than  is  produced  by  the  isolated 
active  principles. 

This  is  due  to  the  fact  thai  the  latter  are  to  a  large  extent  soluble  and  ab- 
lorbable.  They  ihereTore  irrilnle  the  stomach  and  often  do  not  reach  the  intes- 
tinil  cadbI.  Ill  the  crude  dnig^  they  ore  protected  by  the  preiteace  of  vartoiu 
colloid  substances  which  prcreni  their  irritant  action  and  tolutton.  For  ihia 
tca.soii,  they  reach  ibr  iiilesline  wilhnnt  very  much  change,  Bod  since  tWjf 
remain  here  for  a  longer  lime,  may  develop  their  full  action. 
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II.  CLASSIFICATION. 

The  vegetable  cathartics  may  be  divided  into  three  phar- 
macologic groups : 

{A)   Thf  Nmlral  Oih T 

These  include  Crctom  Oil  and  Cattor  Oil. 
{S)   Tkf  Anihracent  Deri'i'atnfs. — Cathaitin,  chryfcarobin,  aod  (heir  acids. 
These  are  (he  active  principles  of  Stnua,  Rhnbar^^  Rhamnus,  Caaara 
Sagratia,  Atof^t. 
(C)    Thf  fifstrtfUJ  AnAy/irids: 

Jah/iin,    Scammonm,  Elaterin,  P^dopkyUiH^  Cciocynthin,  Gam/w^, 
£uoHymiH. 

(A)  The  Neutral  Oils.— Croton  Oil. — Tlie  active  ini- 
tant  principle  of  this  is  a  fatty  acid — crotottolic  acUi.  In  the 
oil  tliis  exists  mainl\-  in  the  form  of  a  glycerid.  which  is 
entirely  inactive.  Sonic.  Iinwcvcr.  is  free,  so  that  the  oil 
acts  as  a  verj*  strong  irritant  in  any  situation.  On  the  skin 
it  produces  pustulation.  In  the  intestine,  the  glycerid  is 
split  like  any  other  fat,  and  the  liberated  acid  may  develop 
its  action  to  the  fullest  degree,  antl  is  a  most  violent  "  dras- 
Btic  "  purgative. 

Oleum  Tiglii  tU.S.P.)  [Ol.  Crotonis,  B.P.].— dV^c.-*  Oil.—K  fixed 
oil  expressed  fronilhe  seeds  of  Crnlan  tt^iiuin,  Kiiphr>rbiac«B.  Indinnnd  Philip- 
pines. Soluble  in  60%  a!i:ohal.  Should  beat  least  two  ^ears  old.  Di'se  : 
0.015  ^°  0. 12  C-c.  {%  U)   2  drops),  on  a  lump  of  sugar,  slice  of  bread  or  of 

»  lemon. 
Linimfntfttn  Cr^tpnit,  B.P.  (see  p.  708). 
Castor  Oil  contains  the  glycerid  of  an  analogous  acid — 
ridfiotcu  acid :  the  action  of  this  is  similar  to  that  of  cro- 
tonolic  acid,  but  ver>'  much  less  violent  Since  it  does  not 
exist  at  all  in  free  form  in  the  oil.  tliis  is  perfectly  bland  and 
non-irritant  to  the  skin  or  stomach. 

^R  In  China  it  is  used  as  an  article  of  diet.  The  properties  of  Castor  Oil 
were  known  lo  Ilenxlotus ;  but  Croton  Seeds  were  first  described  in  the  mid* 
die  of  ihe  sixteenth  cenlurv. 

.%  Oleum  Ricini  (U.S.P.,  B.P.).  — Crj/o'-  Oil—\  fiKcd  oil  e»prewted 
from  the  seeds  of  Kietnut  communis,  ICuphorbiacex.  Ctiltivnt^d.  SolutU 
in  an  equal  volume  of  alcohol.     Dose:  S.O  to  60.O  c.c  ()^  (o302.). 

The  taste  of  ca»tor  oil  is  reiy  nauseant  lo  many  persons.  It  is  then  best 
admioivtered  in  the  form  of  capsule*. 

Mhtmnt  Ohi  Ricini  (B.P. ). — A  40^  emulsion  flavored  with  Orange 
Flower  flnd  Cinnamon.     Daie :  30  to  6oc,c.  (I  (o  2az.). 

f     (B)  Anthracene  Derivatives  : 

A  number  of  derivatives  of  anthracene.  C,,II,„.  possess  an  irritant  action, 
artd  form  the  active  principles  of  this  cl»s  of  drugs.  The  best  .studied  of  the 
isoUted  |)roduct5  are  ikryn%ri>hin  and  iftfysi'/^finnii-  and.  In  the  pure  form  there 

The  mast  iniportaot  prepamtiom  are  marked  «*f^ 
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are  enlitrly  too  inilaiit  tu  be  uxiul  u  cslhartiL^;  tlieir  luc  is  reMnclrd  lo  tlx 
skin  (»ce  (i.  698).  Tla-y  are,  lioweve-r,  aniuiiietl  iit  ibubaib,  togelhcs  mtii 
ctnodin,  catltaitin.  cmharlic  acid,  And  oihei>,  vrliich  are  aluo  ■.othracenc  Hrri*- 
alivcs.  The  iiLtivc  principles  of  scutui,  of  ca>Laiii,  eU.,  sre  all  aiioilaf,  bill 
nut  itlcnik'ui.  Ijtilc  is  Iciiowti  a\>*nit  ilitii  exact  cunipostion.  TUev  have 
pTubabljr  nevei  htcn  isolaled  in  pure  form,  since  llwy  are  very  ittibjcct  to  it- 
compoiitioii.  The  anive  principle  of  aloe* — aloiit — «l»o  bctonci  to  tliit 
series.     It  also  is  not  idenlica]  in  the  differttil  >-iirietie»  of  aloes. 

The  cathartic  action  of  these  principles  is  materially  rcgu* 
lattrd  by  the  colloid  substances  of  the  crude  druj;s.  Thdr 
action  is  so  mild  that  they  never  produce  inllnmniiition. 
This  makes  them  csj>ecially  valuable  when  the  use  of  a 
purgative  is  to  be  continued. 

A  number  of  these  anthracene  derivatives  color  the 
urine. 

It  may  be  well  to  advise  the  patient  of  tlllft  fact.  C»ior^twm  aflMtmriv 
may  nl&o  be  impoftanl  to  the  physician  in  shuwiiig  whether  his  mcdkioe  n 
being  taken,  or  whot  the  paUcnl  is  using  in  addition.  The  followtog  aft  ilir 
mott  important  : 

1  he  sub&tflnces  of  this  group,  cspeciAlly  rhubarb  and  t^tina.  pfodnor  ■ 
yellow-brown  color  iu  acid,  putpliUi-red  in  alkaline,  urine.  Lt>gu*o»(i  (llr«»- 
loxylon)  does  not  color  acid  urinr,  but  produces  a  reddish  or  vic>l«t  cuti'  ■ 
alkaline  urine.  Santonin  givi-i  a  yellow  color  to  acid  urine,  with  a  \rIlo« 
foant ;  if  ibe  urine  i!>  made  alkaline  it  yivca  1  very  proQOuiKrd  ptnk.  fln^ 
acid  gives  yellow  color  in  l>otli  arid  and  alkaline  urine.  The  v«rioat  nd-vt 
products  give  a  brownish-black  color. 

,%SenQm  (U.S. P.)  — 'ITw  leafleu  of  Cassia  muti folia  [Senna  Aleun- 
drina,  B,F.]  (Alexandria  Senna)  or  Cassio  anzu^iiMia  [Senna  IndiU' 
B.P  1  (India  or  Tinocvclly  Senna),  l^cgutninost.  Eauem  and  L'etiinl  .AfrK" 
ondlndia;  cultivated.     Don:  5  to  15  (Jni.  1 1  to  4  dracbm^). 

Senna  produces  considemble  griping.  Thi«  may  be  almovt  aboltihcd.  **i^' 
out  greatly  reducing  the  strength  of  its  action,  by  first  exhaustti^  it  with  lOMf 
alcohol. 

The  ^^E.xtractum  Stnmr  FimJum  DtoderatMm  (K.F.)  is  ttubde  in  tk* 
manner. 

The  stools  occur  about  live  to  twelve  houn  after  it$  nt^inlstrmlion. 

The  best  preparation  is  an  extem)Kinineou-i  infuMon.     This  must  Do(  be 
boiled  very  long,  else  the  activity  suffers. 
The  fcjlowing  ore  offirial : 

ExtrijftMw  StutuT  C/>mfi«titum  (U.S.P.). — Contains  Arwnatits.  Onr-hiH 
alcohol.     Doif :  4  lo  10  c.c.  (I  10  2^  drachms). 

J^^fnfuium  [Afhinra,  B.P.]  SeHHit  Camfiesitttm  (U.S.P..  B.P.).- 
[Black  Draught. )  Dtw  :  jo  to  oici  tc  (l  to  a  oa.).  An  vxcelleol  pi  1  paw 
tioiL 

Contains  percent. :  Senna  6,  Manno  13,  Magnes.  Sulpb.  12.  Fennel >• 

^*^Puhus  GlycyrrhiuF  Comjwtitm  (US.  P.,  B.P.  |. — Com^ruMJ  I.ttwnit 
PtZMfr.     Di'^e  :  a  to  8  Gni.  (  S  lo  2  drachms)  stiire<t  in  water. 

Contains  per  cent.  ;  Senna  18,  Sulphur  8,  and  Glycyrrhiza.   Feen^ 
and  Sugar. 

C^nftilio  Senn^  (U.S.P  .  B.P.  J. —Contains  per  cent  :  ScDtia  lOi,  O^ 
sia  Fistula  16,  Tanufind,  IVune,  and  Coriander.  D»>k :  4  lo  8  Gn-  (I** 
2  drachms). 

^'^^Symfm  Semite  (US.P,,  B,P.).— Contains  1$%.  Dme:  t^P 
c.c.  (V  ^  ■  *>'•)• 

The  most  important  preparationi  are  marked  «*^ 
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Infmmm  Jraiu  (B.P.). — to^  ;  flavored  with  Ginger.  Dttsr :  151030 
C.C.  {\i  to  I  oz.). 

Lii/Mi/r  Smmi  QyHffntratus  (B.P.). — 50%  ;  contains  Ginger.  D«Jt :  2  to 
4  cc.  ( Jii  to  1  drachm). 

77ni/ara  Stnuif  Com^sila  (U.P.). — Zo%  ;  with  Aromatics.  Doit:  z  lo 
4C.C.  {}i  to  I  drachm). 

*Spkta  Laxanlti  {N.  F.)  ^Si.  Gtrmain  7>tf).^Per  cent. :  40  Senna,  10 
Cream  of  Tartar;  Elder  dowers,  Fennel,  and  Anise.  Doxf :  4  lo  15  Gm. 
(1  lo  4  dnchnu},  as  infn-sion. 

Ca&sia  Fistula  (t'.S.P.)  [Cassise  Pulpa,  B.P.],— The  fruit  of  Cania 
Fistula,  l^gumiiiosa:.      EaM  IniJio.      Dae :  4  tu  30  tini.  (I  lo  3  dncbms). 

Rheum  (L'.S.r.)  [Rhei  Radix,  lij'.]  —The  root  of  Rhrum  ajfinaale 
and  olher  iiiulcteiniined  species.  Polygaiiacea:.  China;  cultivated,  ('llie 
sp<;i:ie^  of  Khubiuli  cultivated  in  lhi«  c<ninlry  \HkeMm  /stlmittum)  ore  devoid 
of  cathanic  pnipertieH. ; 

The  Russian  Rhubarb  is  that  exported  via  Russia,  whilst  the  so-called 
Chinese  or  East  India  Rhubarb  comes  by  water. 

Record.^  of  the  use  of  rhuliarb  in  China  dote  back  lo  2700  B.  c. 

'\'\\K  /'rmiif^il lOtiutlUiMls  arc  the  cathanic  pnociples:  ChrysopkaHi(  Acid^ 
C^Hj^O,  (arises  from  chrysophan.  C,,Hj,0„,  when  the  root  is  b-tiled) ; 
EmiMiiM,  Cj^Hj^Oj ;  Rhetn,  CnH|^Oj.  ( Noie  ih«  close  relations  in  the  com- 
position o(  ihcM;  pnnciples, )  hilte-r  Jfeiius :  ICrythrorctin,  I'ha-orctin,  and 
Aporeiin ;  RhtitlaHni.  AeU :  Kheumii  AaJ ;  Lime  Oxalate,  Stotch,  Sugar, 
Pectin,  etc- 

Whilst  the  active  principles  show  a  general  sinularity  with  those  of  senna, 
ceftain  of  its  constituent?^  modify  its  action.  The  rheotannic  acid  lends  to  pro- 
duce  a  secundnry  cun&lijmlion.  The  btttpr  renins  give  it  a  stmnochic  action. 
Un  thid  account,  and  also  becanse  Its  laste  is  less  disagreeable,  il  is  preferred 
lo  wniM  for  cunvalescrnls.  Il  also  produces  IcM  colic,  and  xt  generallj 
milder.  Il  acts  in  eight  to  ten  hnnrs. 
J^rtfiirntions  ■ 

PiSuU  Rhei  (U.S. P.). —Each  rontaint  0.3  Gm.  (3  grains)  of  powdered 
Rhubarb.     IX»if  :  as  stomachic,  t  ;  as  piirgatiTc.  3  to  $. 

,«.  Fntrit  Rhei  Ccmpoiitui  (U.S,P.,  B.P.i.— |Cr<f(>r/r  Pewtitr.')  Rhu- 
bai1>,  35  ;  MagncMa.  6$ ;  Ginger,  lo.     Dnu  -  3  lo  4  Om.  ( 5^  lo  1  dtaclim). 

,•»  PilhCt  RM  dtmfiotitit  \  U.S.P.).. — linch  contains  :  Rhubarb,  o.  13  Gm. 
(agtains):  Aloes  o.  I  ('°^  :  Myrrli.  0.06  (^m  ;  and  Oil  of  Peppermint.  Dtte  : 
as  aiotnachic,  ■  ;  tks  purgative,  z  to  4, 

„*a  A/.  Rhei  Composita  (B.P.)  contains  the  same  ingredients.  Dote:  0.25 
to  0.5  Gm.  (4  to  S  grainsi. 

Extractum  Rhei  (U.S.P.,  B.P.).— By  extraction  with  four-fiftha  alcohol 
Uld  enponuion.     Date:  0.2  tn  1  Gm.  (3  to  15  grains]. 

/H/usum  Rkri  {U.^.).—y^ .     Dasf:  151030C.C.  (>{  U>  I  ox.). 

Eztra.tum  Rhei  //jw/V/wm  (U.S.P.).— F<nir>liahs  aloohnl.  Dos*:  I  to  4 
cc  (*,^  to  I  drachm). 

/»>«.■/■  Rhei  CmceHtratm  (aP.).— SOjf.  DoJt :  I  to  4  cc  (%  to  I 
drachm). 

Tinciura  Rhei  (U.S.P.).— io%.  Cardamofn.  2%.  Glycerin  and  two- 
thinh  alcoliul.     Dusr  *  3  to  [5  ^-^^  ( !^  ^"  4  dractnns). 

»•»  Tin, tun  Rhei  Aromaticit  (L*  S  P  ,  jojt  J  [B.P.,  lojfe]. — Aromatjcs; 
one-half  alcohol.     Dnf  :  4  to  13  C-C.  (I  lo  3  dracBBu). 

^^Syntpm  Rk*i  Ar>fn<tti^»  (U.S.P.).-^Aranutic  Tincture,  I;  Sytup, 
pjT     Doie :   1$  to  30  cc  {^  to  I  ounce). 

'fifctura  Rhei  Dttliis  (U.S. P.). — %o%.    Glycynhiza  and  Aromatics;  onc- 
llnlf  alcohol.     Dp)*:  15  to  30  cc.  {%  to  I  ounce). 

A/iUknt  Rhei  et  ScJ^  (US, P.).— Sod.  bicarb.,  3.5^  ;  FL  Ext  Rhubarb^ 

*  Not  official . 

The  most  im|X)r1ant  preparations  nir  marked  ^%. 


[B-K,  $'.<[  :  with  corUnder.J 


eppcnnint,  Glycerin, 
tl  (o  60  cc.  (  !q   to  2  ciunccs). 

Syi-upui  A'X«  (U.S.P.).— n.  Ext.  Rhubarb,  lo5f  ;  Pt 
ruuiioii,  Olyccrin,  aiid  Synip. 
cc.  {J^  In  2  (Irachms). 

RfaaninuB  Purshiana  (U.S. P.)  [Cascara  Sagrada.  B.PJ. — Cateara 
Sagr<iJti. — The  berk  of  Jihamniu  /'urihuma,  Kbuaoen:.  Pacific  Gout  of 
NotUi  AniEnta. 

When  the  bark  is  first  collected  it  ts  emetic  After  (wo  yean'  keepiiy  thb 
action  is  lost,  and  the  cathartic  quality  is  acquired.  The  artive  principle^  aie: 
Casrarin,  which  \b  a  cailiartin  ur  cmodin  principle  ;  bitter  resinh,  etc. 

The  above  al«i'>  applies  to  : 

Fran^ula  {\).'^V).—Buikthi>rH.     l*he  bark  of  JUtamnts  frai^piU. 
Europe  and  Xortbcm  Asia. 
PrfftaraltoHs  : 

Extnutum  Frangnia  Fiuidum  (U.S.F.). — Dme;  2  to  8  cc  (Jj  to  2 
dimchms). 

Exfraftum  HkamNi  P^rskiana  FTuidum  (U.S.P.). — One-haU'  alcobol. 
Dcif .-  1  to  4  cc.  {%  to  I  drachm). 

,%  Elixir  XhamMi  Punkiarur  (N.F.). — I  :  4.  Doit:  4  to  1$  cc  (I  to 
4  dmcfims). 

Aloe. — The  iuspissaied  juice  of  the  leaves  ol 

W/i'^  fi.>ri*iufensis  {U.S.P.  KV.).—BarbiiJoes  at  Curacfla  Ati^i.—AiM 
vtra,  Liliacexe.     Island  of  Uarbadue^. 

Alof  Si\:t*trina  (U.S.l*.,  B.I'.|. — AIm  Pfrryi.     Eastern  Africa. 

Many  olhcT  varieties  are  on  the  market,  but  are  of  less  value.  Aloes  wu 
known  lo  the  Greeks. 

'ITic  active  priiitiples  nrr-thc  Aloins.  These  arc  dificrcnt  for  each  variety, 
but  are  all  anthracene  dcrivniives. 

^^  Aloinum  (U.S. P.,  B. P. )  Aloin,  is  usually  Barbaloin,  but  soDietiliiei 
Sncaloin.  It  \>,  soluble  in  60  parts  of  water  ur  30  {Hirls  of  alcohol.  Di-u : 
0.03  too,  12  Gm.  ( 'i  lo  2  praiiij). 

The  action  of  aloes  and  aloin  shows  several  peculiarities.  In  small  doaet 
they  net  as  atumachics.  'I'heir  catbnrtic  actiun  ia  greatly  aided  by  bile,  so  that 
they  may  have  very  little  efTcct  in  obwtraclive  icterus.  They  occasion  but  liltit 
colic.  On  account  of  the  intensely  biltcr  ta«te,  they  are  bcvi  given  in  the  furm 
of  pilU.  They  ptuduce  a  coniparntivcly  strong  cungcstioa  of  (he  pelvic 
organ*,  and  are  ihrrrfore  emmenagogur.  TliiH  action  fonnx  a  contraindicattoo 
lo  their  use  in  pregnnnry,  or  when  ibere  are  hemorrhoids.  '1  bey  arc  ta>»t 
nHfful  iu  cbroriic  const  ipn  I  ion  in  middle  lift:. 

The  dt>sf  of  Aloen  is  o.  J  (o  0.6  Cim.  ( ■  j  to  ID  gntrni). 
Jhvpar.ttiifts  : 

A/cur  pttrifi(ata. — Aloes  softened  bj-  heating  and  addition  of  alcobol,  strahwd 
and  dried.  This  is  the  fonn  which  enters  into  most  of  the  pills.  D»st  as  for 
Aloes. 

Extrattum  Alors  (L'.S.P.l  [ Barhmfrnsii,  B.P.]. — A  dried  walrry 

CKtract      Di»r :  0.03  in  0.2  Gm.  {  Ji  to  j  grains). 

Tinetura  A/ofi  (U.S.P..  lo;5f  1  [B.P..  2.$^.].~-lAConiX ;  ,H  ak»hal. 
Dou :  I  104C.C.  {^i  to  I  drachmj. 

Timrfuni  Aloti  tt  Myrrha  (U.S.P.).  — lo*^  each.  Iiooricc»  three-fovrthf 
alcohoE.     Dae :  4  to  10  cc  (1  to  2  drachms). 

Dtroctum  Ah^f  Ct^mpo^itum  (B.I'.).— ^5t  of  Extract  of  Aloes,  with 
Mytrh.  Pot.  t'Brbonnte,  and  Aromalics.     Doie:  15  lo  30  cc.  (J^  lo  I  o«.), 

Aloes  entcn>  intu  a  lar|;e  uuinWr  of  pills,  usually  in  contbination  with  sume 
carminative.  Besides  ihoic  enumemled  here,  into  Pit.  Caihart.  Co.,  Rltei 
Co.,  etc.     It  is  also  the  chief  ingredient  nf  very  many  proprietary  pilU 

The  mosi  important  preparations  are  marked  «%. 
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In  the  following  V.  S.  PiUi,  only  the  content  of  Aloes  will  be  given  ;  the 
^Jatf  15  one  to  four  : 

^*^  PtMa  Aiott:  0.13  Gm.  (2  grmina). 

PiiuLr  Aloes  el  Aia/a^uitr  :  aog  Gtn.  (I^  gnisa). 

tM*t  PHhIi^  Ahft  <t  Fc-ri :  ojoj  (i  gniio). 
PUnJ^t  Aloes  ft  Mastithe  :  O.13  (J  grains). 
,♦,  PituLi  Aiaes  el  Myrrhtr     O.  I3  <  3  gtaios). 

-♦^  PiMa  Aloini,  SfrytMntme  el  Belladtttna,  N.F. — Each  pill  contains 
Aloin.  0.013  ^"1-  (i  {{i^n) ;  Strychnin, 0.0005  ^°>'  (ifv  E""**)  >  ^^^  BcHa- 
donna,  0.008  Gm.  ( '^  (P^in). 

The  following  B.l'.  Pills  are  official  (the  Don  is  0.35  too.;  Gm. — 4  to 
8  grains): 

^•^  Pdula  Aloes  BarhaJensis  ;  JOjt . 
k     •*«  P*Ma  Alues  tt  Ftrri :  20  j&  Aloes,  10^  Iron  Sulphate. 
P       Ptlitia  AIms  Sthtt/rirM  -■  50%. 

/v.  AIms  et  AsaftttiJa  :  1%%  each. 

^*tPif.  Aljes  et  Myrrka  :  45^  Aloes,  2$%  Myrrh. 

p  (C)  Group  of  Anhydrids. — Although  the  constitution  of 
these  prindple.s  is  not  at  all  understood,  their  chemic  re- 
actions, as  well  as  tlicir  physiologic  effect;,  show  so  many 
points  of  similarity  as  to  cause  them  to  be  placed  in  one 

J  group. 

r  The  active  principles  are  for  the  most  part  resifiou<(  (i.  e.,  soluble  in  alocJial^ 
bat  uliKhtly  solable  in  vaier),  often  glurosids,  and  on  chemic  manipnlatioa 
(probably  JiydrAtion)  they  yield  acids.     The  tatter  are  much  te^s  active. 

r  It  is  characteristic  of  these  principles  that  they  are  not  as 
fffectivf  wfun  givfii  pure  as  when  thc>'  are  mixed  with 
some  extractive,  as  in  the  '*  resins  "  (alcoholic  extracts  pre- 
cipitated by  water),  or  as  preparations  of  the  crude  drug. 
This  is  due,  in  some  cases,  to  tlieir  bein;:;  somewhat  sol- 
uble, and  thcrcrore  absorbed  in  the  stomach. 

The  drugs  of  this  scries  arc  generally  much  more  irritant 
than  the  anthracene  derivati\'es,  I'hcy  belong  to  the  drastic 
or  hydragogue  cathartics.  It  is  difficult  to  limit  their  action 
sufficiently  to  make  tliem  useful  as  aperients,  and  they  are 
only  employed  when  verj' active  catharsi.s  i.s  essential.  They 
should  be  avoided  with  children.  The  principal  ones  are 
the  following  : 

rjalapa  (U.S.  P,.  B.  P  ).—/«/.//.— The  tuberous  root  of  Ifvmitajalapa,  Con- 
jlvulocecc.     Eaatern  Mexico.     Activt  priuciplts :  Conrolrulin  and  Jolapin. 
Di>se  :  0.3  to  1  Gm.  (5  (u  15  Kniius). 

Jalap  acts  in  about  three  huur».     tt  is  often  given  with  calomel. 
PrffiaratioHt  r 

£x/rai^/ufi  /ata/^  iV.S.P.,  B-P.).— The  dried  alcuhalic  exIracL  Dote: 
0,12  to  0.5  Gm.  (2  to  S  craiiis). 

/ietma  Julof^  (U.5.P.,  B.P.). — Kxtraclinn  with  alcohol  and  prectpitatloa 
of  the  reiin  with  water.     D*se  .■  0.06  to  0.3  Gin.  (I  lo  5  grains). 


The  moft  important  preparaticuu  an  morked  «*^. 


drachm) 

Tintfura  Jtilapa  (B  I'.).— 20);^.  Thrcc-foortlu  ak^abo).  Dmt:  3  to  4 
c.c,  {%  to  1  Hracnm). 

Scamoionium  (U.S.P.«  B  P.)< — Stammony. — A  reimota  exudatloD  ftoa 
tlie  livii)];  riHil  uf  Convohmius  SatmmQHM,  ConvolTulaccte.     Westctn  Ams. 
Acfn'f  /inttcif^!t  :  Jalapin.     D&se  :  0.3  lo  1  Gm.  (5  to  15  groink). 
Prtparatii-m  : 

^\  Hetina  StammoHii  (U.S.P.,  B.P.). — Kxlradton  with  alcohol  ms>A  pre- 
cipiMtion  of  the  resin  with  wntcr.      fh'u  :  0.06  to  0.3  Gm.  (I  to  5  grmiiu). 

Piluta  SiommoMii  Comptisita  (B-P.). — ^onlnin»  dinger.  Ihne :  0.35  to 
0.5  Gin.  (4  lo  %  gnuQ.s). 

PuMs  Scumnti-nii  C^mpoiitm  (B.P.), — Coutaiiu  Ginger.  Dvu :  0.6  to 
1.3  Gm.  (10  to  30  grtins). 

Podophyllum   (U.S. P.,  B.P.).— A/ar  A^,  Mandrakt.—lht  rhuotoe 
and   rootA   of  Podophylluitt  /leUatuat,  Berbendece.     North  America.     Aitirt 
prittiifiUi  :  IVxlophyltoloxin  and   Picropodopl»yIlin.     DtfSf  :  0.3  to  I. a  Gm. 
(5  to  ao  grains). 
Prf/ara/tuMs : 

iLxlracfum  Podc-fihylli  (U.S-P.).— Made  with  roar-fifths  alcohol.  DfiV  : 
0.12  to  0.6  Gio.  (2  lo  to  grains). 

Extra.tum  Pedi>phy!h  PSuidum  {U.S.P.}.— Made  with  rourlirth&  alcobol. 
0»sc:  0.3  to  1.3  C.C.  (5  to  20  minims). 

^*^P^tma  PoJophyai(\i.?>.V.,  B.P.), — iPodophyUin.)  By  cxinctJOD  with 
■Id^ol  and  precipitation  of  ihc  retain  by  water.     Dcu :  O.008  to  a03  Gm. 

K%  to  %  grain). 

Colocynthia  (U.S.P.)  [Colocynthidis  Pulps,  B.P.]. — Bitter  Apple.— 
The  fruit  of  Cilrullm  CoUvytuhis,  Cticurbitace^e.  Asia,  Africa,  Grercc,  »nd 
Spain.  Aithe  prineipit :  Colocynthin.  The  dccompo»itton  product  ol  ihtl 
glucosLd^-colocynthein — is  also  active.  /)osr:o.l  lo0.sGm.  (a  lo  8  giaias). 
Prtparatiom  : 

£.tfraefum  Co/^ynfAu/tf  (U.S.P.).— Made  with  one-half  alcohot.  Aw; 
OL03  to  o.  I  Gm.  ( >^  In  2  grains). 

,*,  ExtraittiM  Cotoiyntkiiii^  Compfsitum  (U.S. P.,  B.P.). — Contains  t^olo- 
cynth.  Aloes,  Scammony,  Cardamom,  and  Soap.  Dost:  0.3  to  t.o  Gm.  |$  to 
15  graim). 

Pil.  CoUiytUkUh  ComposUn  (B.P. ). — Coninins  the  same  active  iogrediciits 
as  the  Putvis.     Best :  0.25  lo  0.5  Gm.  (4  to  8  grains). 

^^PilHlfs  Cathartics  Gfrn/Mi/^  (U.S.P.). — Each  piI)  coutainit : 

GaA.MB.       COAIMS. 

Compound  Exir.  Colocynth <xo8  l^ 

Calomel 0.06  I 

Exlmcl  Jalnp    ...  aoj  % 

Gaml>ogc       <XOX5  % 

Dose:  One  to  four. 

«\  PjImU  Catharlua  VegetahiUt  (U.S.P«).— Each  pill  cooUins  : 

Crams.  C*ains. 

Compound  Extract  Colocynth 0.06  I 

Extract  of  Hyoscyamuti O.03  ^ 

Extract  of  Jalap ao3  % 

ExtiacI  of  [^ptandn OLOI5  % 

Extract  of  Podophyllum ^■"'S  ^ 

Oil  of  Peppermint 0.008  yi 

I}otf  :  One  to  four. 

Blaterinum  (U.S.  P.,  B.F.). — A  neutral  principle  obtained  ftofflf^Mtrrfini 

The  most  importaul  preparatioof  are  marked  »*«. 
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(B.P.),  a  subsiance  depotited  by  ihe  juice  of  thv  fruit  of  Eet-iiUtHm   Eiate- 
num  (Squirting  tluctmabex),  rucurbitnc«e.     Weslem  Asm,  Nortliem  Atrtca, 
and   Southern   Europe;   cuttivitted.     Dcse :  0.003  ^°  0.005  ^^-  (A '"  tS 
grain)- 
Pref^ratians  : 

Tritmrati9  Eiaterim  (U.S.P.).— I  :  lo.  Dotf  :  0.03  toO.06  Gm.  ()i  to  I 
grain). 

Puhni  FJalerini  Companim  ^B.P.). — 1:40  in  Sngu  of  Milk.  Dose: 
0.06  (u  o,  35  (iin.  ( I  to  4  grains). 

Bryonia  iX'  S.P  ). — The  ront  rif  firynuut  alba  and  of  B.  liiou-a.  Cucurbi- 
tacra:.  CVntnl  ami  Souihem  Europp.  Active  prmaplft :  The  glncoMds 
Bryonin  nnd  BryDnidin.     Di'u :  o  6  to  4.0  Gm.  (lo  to  60  grains}. 

Ttnftnra  Bryonia  (U.S.P.).— Io%  alcohol.  Aw.-  8  to  15  c.c.  (3  to  4 
drachms). 

Cambofcia  (U.S.P.,  B.P.).  —  Gamhi*gf, — A  gum  nrsin  obtained  fnim  Gar- 
rinui  //ijn6uni,  Qatlihrx.  Aiutni,  Camlioja,  ami  Siam  Mifn\- /•hrtii/ir .- 
Gambogic  Acid.  Since  thi»  i»  fairlr  soluble,  even  the  gum  nMn  is  irriiant  to 
the  ^luInach,  so  ttial  it  shuuld  always  be  given  in  pill  furai.  Dost:  O.06  lo 
0.3  Gm.  1 1  to  5  gratn^t- 

Pilnia  GtiMliogia  Comfiosita  (B-P.). — CoDtains  Aloes.  Dasf:  0.35  100.5 
Gm.  14  lu  8  grains). 

Lcptandra  (U.S. P.). — Cuh'rr's  Rof^t. — The  rhieome  and  mot*  of  f>/v«- 
i..i  i'»/^v«f-.i,  Scrophulariocar.  Uaited  Stale*.  Attnr pnitcifU :  The  gluco- 
sid  Lcptniidrin. 

Sxtnt.fMm  Lfffandra  (U.S-P.). — Made  with  three-fourths  alcohol.  Detf  : 
0.06  to 0.2  Gm.  (I  l(>  3  gmini). 

Extmctum  Ltptamiia  I'lHt.itiHt  lU.S.P.). — Mode  with  ihrec-fourthf  tlco- 
bol.     Dctf  :  I  lo  4  C.C.  ( 1^  lo  1  drachm). 

Iria  ( U.  S.  I*. ).— /?/«*■  Fl>tg. — The  rhizome  and  roots  of  /to   vtniftfer^ 
Iride.T.     North  America.     Aeth'e  prindple  not  well  known. 
Preparatiani  : 

E.vtr.ii/um  Irii/it  (U.S.P.). — Made  with  alcohol.  Dose:  O.06  to  0.2  Gm. 
(I  to  3  grains). 

Extractum  /nttis  fluutum  (U.S.P.). — Alcohol.  Doit:  0.6  lo  3  c.c. 
(10  to  30  miQim»). 


(D)  SUMMARY  OF  CATHARTrCS. 
Caihartifs  or  Evacuants  are  drugs  whicli  cause  an  increase 
in  peristalsis. 

I.  MANNER  OF  ACTION. 

For  inncrrntion  of  the  intciniiic,  etc,  see  pages  205  to  207. 

The  totcfllines  nre  to  wjmc  extent  under  the  contn.*!  oi  the  centrti  nervous 
^slrm  ;  /■.  f.,  n  ^iidilcn  frighl  niny  cause  cvAcuation  uf  tlic  bowels  ;  mcltiocho- 
lia  is  frefjnetitiy  the  cniiw  of  conslipniinn.  Hnwrver,  ihis  central  influrnec  is 
quite  etccplional,  and  cannot  be  utilized  tliernpeulically,  except  in  so  far  as 
regtilaiiim  of  the  bowcU  by  habit  ta  concerned.  All  the  remedial  measures 
depend  upon  local  actions. 

Pharmacologit:ally,  these  may  be  divided  into  :  [a)  Meas- 
ures which  produce  peristalsis  by  directh  stimulating  the 
efferent  nerve-muscle  chain ;  {h)  measures  which  produce 
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peristalsis  reflexty  in  virtue  of  an   irritation,  or  by  sH'cIling 
the  volume  of  the  intestinal  contents. 

The  former  («)  comprise  the  alkaloids  physostigrain, 
pilocarpin,  etc.     They  are  not  useful  in  practice. 

II.  CLASSIFICATION. 

Before  taking  up  the  practical!)'  used  cathartics  in  detail, 
it  may  be  well  to  classify  them  according  to  their  clinical 
characters ;  1.  e.,  mainly  by  the  strength  of  their  action. 

Such  a  cU&silicatton  is  by  no  mciins  shnrp,  fur  the  &aine  drug  may  bcloof 
to  diflereal  groups,  according  to  the  sinount  used,  nnd  «ccording  to  otWr  coo- 
ditiom.  The  cla«iificatian  Lh  remlrr«d  !ilii)  more  cnniplictttrd  by  ihe  Tai:!  ihtt 
dillcreTit  Authors  do  not  use  the  .«Amo  nomenclature,  but  often  apply  the  uisc 
lemi  tx>  very  difTerciit  actions. 

The  following  table  gives  what  is  probably  the  most  use- 
ful clinical  classificatiun : 

I.  Laxatives  or  Aperients  :  Those  whicli  increase  peris- 
talsis only  moderately,  pr<.>ducing  somewhat  tnore  frequent 
.stools,  of  almost  normal  consistency,  .ind  thi.s  without 
causing  notable  irritation.  They  are  active  in  dosfs  of  10 
Gm.  or  over : 

Fruits,  Manna,  Honey,  etc. ;  mechanical  means  (nfiassage, 
charcoal,  electricity,  etc.);  Sulphur,  Magnesia,  Carmina- 
tives, Bland  Oils  (Olive,  Cotton-.seed.  Linseed,  etc.). 

(Small  doses  of  Cascara^  Senna,  Castor  Oil,  RJiubarb, 
and  Ipecac  are  also  la.xative.) 

3.  Purgatives  :  Those  which  increase  peristalsis  actively, 
causing  JVequcnt  semi-fluid  stools. 

(A)  Simple  Pursatives:  Active  in  doses  of  0.2  to  1 
Gm.     These  cause  considerable  colic  and  irritation  : 

Aloes.  Rhubarb,  Senna,  Cascara,  Castor  Oil,  Bile,  Calo- 
mel, small  do.st;s  of  drastics. 

(B)  Saline  Purgatives:  Active  in  doses  of  about  10  Gm. 
Rather  profuse,  watery  stools,  with  practically  no  irritation 
or  griping  : 

Sulphate  of  Sodium  or  Magnesium,  Sodium  Phosphate, 
Magnesium  Citrate,  Pota-s.sium  Hitartrate.  Rochclle  Salt.  etc. 

3.  Drastics :  Produce  watery  stools,  with  much  inHam- 
mation.  L.arge  doses  are  apt  to  set  up  an  enteritis.  Active 
in  doses  of  less  than  o.  i  Gm.: 

Elaterium, Colocjnth.  Jalap,  Scammony,  Gamboge,  Podo- 
phyllin,  Croton  Oil,  the  stronger  Mercurials,  and  Antimony 
Sulphid. 
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The  drastics  and  salines  are  called  hydrago^es,  since 
tliey  remuvt:  inucli  Huid. 

Those  which  quicken  peristalsis  particularly  in  the  duo- 
denum remove  bile  from  the  intestine  by  lessennij^  its  rcab- 
soqjtion,  and  constitute  the  clinical  class  of  cholagogues 
(see  p.  731).  This  comprises  Aloes,  Rhubarb,  Mercurials, 
Podopliyllin,  Kuonymin,  Sod.  Salicylate  or  riiosphate,  Acid. 
Nitrohydrochlor,  Dilut,  liile. 


III.  LAXATIVE  MEASURES. 

ThU  divisioo  includes  tho^p  measures  which  incrraKc  the  bulk  of  the  iotcs- 
bnal  contenu-,  tbose  u-liidi  act  as  mechaiiiail  irriuuiU ;  pbyiical  meaiures; 
etwnMta ;  sulphur  and  inagiichia. 

(A)  Substances  Used  to  Increase  the  Bulk  of  the 
Intestinal  Contents : 

Liquid  :  Water  (direct  or  indirect). 

Oils. 
Solids  :  Indigestible  food  or  insoluble  medicines. 

Large  quantities  of  pure  water  may  be  given  for  this 
purpose,  but  this  will  be  more  effective  in  the  shape  of  ^vir- 
bonatid  drinks — soda-water,  etc.  Litnouodc  acts  partly  by 
its  acid.  These  liquids  are  more  effectual  if  taken  n/A/, 
since  cold  in  itself  stimulates  peristalsis.  (Water  should  not 
be  taken  in  the  form  of  liquids  containing  tannin — such  as 
tea  or  red  wines,)  Water  may  also  be  introduced  in  the 
fonn  of  succulcni  vi^^clabUs  and  fruits, — apples,  tomatoes, 
nieltms,  etc, — which,  liowever,  act  in  part  like  other  fruits, 
by  their  pectin,  acid,  etc. 

The  liquid  in  the  intestines  may  be  increased  indirtctty 
by  preventing  Its  absorption  through  the  use  of  salts. 

The  bland,  fatty  oils,  in   quantities  larger  than  can  be 
digested,  form  very  efficient  laxatives.     They  can,  however,' 
only  be  taken  by  patients  with  good  digestion. 

The  same  holds  of  indigestible  food. 

Constipation  is  very  often  caused  by  deficiency  in  the  indigestible  portion  of 
the  dieL  It  is  a  mistalte  In  suppose  that  ndtel  which  is  enttrrly  di^.sie<l  and 
abftoHted  is  the  bent.  Animal.-^,  for  example,  ore  entirely  unable  to  Nilwirt  00 
Hich  focMj.  and  m  feed  I  ng- experiments  it  fs  freouently  necewary  to  add  cetlu- 
l(Me  in  the  fonn  of  tillet-paper  to  mniiiuiti  tilcm  in  goud  condilion.  The 
fuDctinnation  nf  the  intestine  \s,  nece<Mary  In  the  organism  ;  prrhaps  in  effect- 
ing the  removal  of  bile  nnd  other  toxic  products  formed  in  the  body,  u  well  aft 
of  the  toxins  generated  in  the  intestine  by  bacteria. 

Cases  of  constipation  arising  from  this  cause  may,  of 
course,  be  at  once  benefited  by  a  change  of  the  diet  to  one 
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containing  more  indigestible  material,  sucl)  as  many  \*ege- 
tables  ricli  in  cellulose.  The  desirable  limit  may,  however, 
be  exceeded. 

or  medicinal  agents  which  act  in  tliis  way,  AfartHa  may 
be  mentioned. 

Manna  ( U  .S.P. ) . — A  coDcrete  saccharine  exudation  from  f^axima  0mm, 
OleaCTK.  Mcditcimiican  coiul.  The  chief  comtilueoUf  are  Mantui  \^^%\, 
Glucofc,  FiBxin,   Mucilage,  Rc»n.     Dou .•  15  to  6a  Gni.  (%  to  2  oca>)a 

iafuHiun . 

(B)  This  class  borders  closely  on  the  mechanical  ilri- 
tants,  Kince  the  di.stention  of  the  bowels  constitutes  in  itself 
a  source  of  mechaniail  irritation.  However,  tlic  irritation  is 
increased  when  tlic  indigestible  particles  are  sharp  or  grilty, 
as  the  seeds  of  fruit  (strawberries,  figs,  etc.)  or  as  tlic  XwiiVi 
of  grain  (oatmeal). 

Fruits,  fresh  or  stewed,  are  generally  Uxatirc.  They  act  in  \mi\  by  ih< 
water  whicli  ihey  coiilain  ;  partly  by  the  noii-absurbablc  pectin  sub»tanc«i 
which  swell  the  bulk  of  ihe  Tcccs;  partly  by  acid  salts  which  exert  n  chrnk 
irritation  ;  partly  by  their  5Ugar,  which  acts,  by  osmosis,  like  a  taliue  allnnic 

C/Mrcoa/  Acts  purely  mechanically. 

Carbo  Lignl  (L'.S.P.,  B.P.). —  U'twd  CAttrmr/.—Mmde  by  beating  wood 
without  acccft  of  air.     /Vir ;   1  to  4  Gtn.  ( 1 5  to  60  grams). 

Car/m  AHimalis  (US, P.).,  Antmal  Chat\t>iii  (Boiie-btadc).  tK  aaed  fc)( 
decolorizing. 

Oirhe  AhiiMftlis  Purificatm  (U.S.P.)  ho»  been  exhaus(e«l  wilh  HO,  M»d 
may  be  uwd  in  acid  liquids  for  the  same  purpose. 

(C)  Of  physical  measures  which  have  a  laxative  effect 
may  be  mentioned  massage,  tnotitntU  txrrdst',  all  kinds  of 
coid  biitiiS,  or  I'itxiricity. 

'X\it  latter  aiay  be  applied  by  Inying  a  laree  electrode  on  the  abd^mm  and 
cotiiiectiiig  anolJiei  tu  the  reclnl  tube.  lliitju]{h  whah  uU  mjIuiiuu  U  ft>«ifl( 
tnio  the  init-otitio-     In  this  way  the  slimulaliua  covets  the  gTTalesI  oica- 

(D)  Enemata  {riystrrs')  are  injections  into  the  rectum. 
Any  distention  of  the  rectum  will  set  up  peristaltic  contrtK- 
tion  in  this  organ,  and  stimulate  rclle-xly  e\'en  the  higher 
portions  of  the  intestine.  Pure  water  will  sufllice  for  this, 
but  tlic  effect  will,  of  course,  be  greater  if  some  irritant  be 
added. 

To  secure  the  maximum  motor  efTect,  (be  injection  must  be  tued  cold,  aad 
in  fairly  large  quantity  :  Adults  a  pint,  quart,  or  niorr  ;  children  aaatfdiag  to 
age  Ut  >  ycA'*  >n  ounce,  and  about  S  ounce  more  fur  each  year).  Wain  aad 
bland  oils  are  also  often  used  by  high  injection. 


The  irritants  which  are  most  commonly  used  in  clyslcfs 
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are :  Soap,  castor  oil,  or  motasses,  1:8;  salt,  i  :  16 ;  tur- 
pentine, 1  :  20  (emulsified  with  one  cjjg-yolk). 

Glycerin  is  sometitiies  given  pure  in  doses  of  oj  to  iv,  as 
also  in  the  form  of  suppositories. 

^* ^  Supfositoria  Giyterini:  Each  conlains  6  Gm.;  nude  with  oodhim 
Stearate.  . 

ft  Enemata  have  an  advantage  over  cathartics  taken  by 
mouth,  in  that  they  may  be  made  absolutely  non-irritant, 
and  may  therefore  be  used  in  conditions  in  which  the  other 

I  cathartics  are  positively  contraindicatcd.  On  the  other 
hand,  they  soon  lose  their  efficiency. 
If  the  purpose  of  the  enema  be  merely  to  soften  luird- 
etu'd  scybiila,  they  would  be  used  warm,  in  copious  quan- 
tities, preferably  with  soap ;  or  as  decoctions  of  mucilaginous 
substances. 

t  Enemata  also  have  other  uses :  For  iocal  effects  on  the 
rectal  mucous  membrane  (astringents,  etc.) ;  for  the  removal 
cf  parasites  (see  p.  739) ;  and  as  a  method  of  introducing 
medicine  and  nourishment  (see  p.  757J. 

I  The  dose  of  medicines  per  rectum  is  about  twice  as  much 
as  by  mouth. 
For  local  effects,  the  astringents  are  used  in  the  same 
strength  as  on  other  mucous  membranes  (see  p.  682). 
When  the  injection  is  to  be  retained,  it  must  be  small  in 
amount,  warm,  and  non-irritant.  (The  irritation  may  be 
■  diminished  by  the  addition  of  boiled  starch.) 

IV.  IRRITANT  CATHARTICS. 

Whilst  the  number  of  .substances  wliich  may  irritate  the 
intestine  is  very  great,  those  wliicii  can  be  employed  in 
practice  as  cathartics  are  rather  limited,  for  various  reasons. 

An  ideal  catltartic  should  produce  profuse  and  soft,  but  not 
too  numerous  exfacuations,  xtAthout  pain,  tenesmus,  or  nausea, 
and  iLHthout  leainng  any  tendency  to  constipation. 

Irritants  which  cause  a  marked  irritation  of  the  stomach 
are  excluded  altogether.  This  is  one  reason  why  tlie  pure 
principles  arc  not  employed.  As  has  Iseen  said,  these  are 
usually  protected  by  colloids  in  the  preparations  made  from 
crude  ilrugs.  The  catliartics  in  (jrdniary  use  are  so  chosen 
that  they  cause  little  or  no  gastric  disturbance  in  individuals 
with  healthy  digestion.      However,  when  tliis  is  impaired,  it 

Tb«  most  imponant  prepnraltona  ore  murkcd  ,*^ 
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may  be  nccessar>'  to  administer  them  in  "  intestinal  cajh 
sules"  (see  p.  80). 

All  thost:  which  have  a  fairly  strong  action  cause  con- 
siderable rTfl/ft."  or  teiu'smtis.  This  is  the  necessarj'  accom- 
paniment of  a  violent  peristalsis,  and  if  the  latter  is  desired, 
the  former  must  be  taken  into  the  bargain.  All  that  the 
physician  can  do  is  to  infomi  the  patient  tliat  it  is  a  sign 
tliat  the  medicine  is  doin^  its  work. 

The  tendency  to  cougvsfion  of  the  pflvit  organs  is  also  i 
necessary  consequence  of  intestinal  irritation.  Where  this 
is  strongly  con  train  dicated.  the  non-irritant  salines,  or  cnero- 
ata.  must  be  used. 

All  irntant  cathartics  leave  a  tendency  to  coitstipatioH, 
which  may  become  very  annoying,  especially  when  they 
are  used  habitually.  This  is  seen  especially  with  rhubarb, 
less  with  senna  or  cascara.  It  is  not  often  serious,  and 
rarely  necessitates  an  increase  in  the  dose. 

The  mercurial  purgatives  produce  a  tendency  to  nephrite, 
which  contr^iindicates  their  continued  use. 

The  intestinal  irritants  may  be  divided  into  mcchamcal, 
vegetable,  and  mineral.  The  first  have  already  been  sum- 
marized on  pa^e  727. 

Mineral  irritants: 

Acids. — It  will  be  reniembered  that  free  acids  cannot  be 
employed  for  this  purpose,  since  they  do  not  reach  the 
intestine.  Practically  the  only  form  is  as  Cream  of  Tar^r, 
wiiich  acts  largely  as  a  saline. 

Saitnis — see  page  726. 

Sulphur  acts  only  in  the  measure  in  which  it  is  con\'crte«;S 
into  soluble  snlpliid  by  the  carbonates  of  the  intestine. 
Since  the  latter  are  limited  in  amount,  the  strength  of  actioi» 
is  within  large  limits  independent  of  the  dose.  Sulphur 
merely  softens  the  stools,  and  is  therefore  particulaHy  use- 
ful in  piles. 

Of  metals,  mercury  is  the  only  one  which  is  useful.      It 
best  given  as  calomel,  together  with  a  vegetable  irntant, 
insure  its  prompt  expulsion. 

The  special  uses  of  the  various  X'CgctahU  cathartics  ha' 
already  been  partly  discussed  in  the  preceding  sections,  ani 
will  receive  further  mention  in  the  following. 

Several  alkaloids,  whilst  not  themselves  cathartic. 
often  useful  in  this  connection. 

Belladonna  and  Aforphin,  especially  the  fonner. 
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spasm  from  overstimulation  of  the  intestine,  and  are  there- 
fore useful  in  constipation  as  the  result  of  intestinal  spasm 
(lead  colic).  Belladonna  also  ser\es  to  regulate  the  irritant 
action  of  the  vegetable  catliaitics,  and  in  this  way  lessens 
griping  (Aloin,  Hclladonnu.  and  Strychnin  (sec  p.  723)  is 
quite  a  favorite  preparation ;  tlie  role  of  the  Strychmn  is 
not  understood.) 

V.  ACTION  OF  DRUGS  ON  THE  BILE. 

The  influence  of  bile  on  peristalsis  is  considerable.  Its 
presence  in  the  intestine  is  tpiite  irritating  ;  its  absence 
will  favor  constipation.  A  class  of  preparations  acting 
upon  the  flow  of  bile  would  therefore  be  verj'  desirable. 
Starting  from  the  observation  tliat  the  stools  after  certain 
cathartics  have  a  darker  or  grctnish  color,  the  older  thera- 
peutists referred  this  to  an  increased  secretion  of  bile,  and 
distinguished  those  substances  as  ^hoia^ogVi's — remedies 
which  increase  the  flow  of  bile.  When  these  were  sub- 
jected to  plu'siologic  ex[K:ri mentation  on  animals  with  bili- 
ary fistula,  the  results  were  at  first  contradictory,  owing  to 
the  fact  that  the  flow  of  bile  shows  con.siderable  variations 
naturally,  and  tliese  observations  did  not  e.xtend  over  a 
sufficient  time  to  eliminate  this  factor.  Recent  unobjection- 
able experiments  have  finally  settled  this  question.  Accord- 
ing to  these,  the  only  true  cholagogues,  increasing  both  the 
volume  of  bile  and  the  absolute  quantity  of  bile^salts,  are 
bile  and  salicylates,  especially  the  fornKr. 

For  tliis  purpose,  dried  ox -bile  m;iy  be  given,  two  pills 
containing  0.25  Gm.  each,  three  times  a  day,  preferably 
coated  with  salol. 

pile  Mtlts  have  a  typical  rliKitalls  action  oo  thr  heart. 

The  action  of  salicylates  is  quite  small,  and  they  must  be 
used  in  doses  of  5  Gm.  per  day. 

I       Fti  Scri's  (U.S.P.).— OT-fa//.— The  fresh  bile  of  the  or. 
■         •    /"(■/  i9(»PM  pHri/icatum  (U.S.P.,  B.P.).— Ox-gnll  eva[H>rated after  adcU* 
tkm  of  atcnhol.     Dou  .*  sec  nbore. 

The  other  drugs  formerly  classed  as  "  cholagogues  " — 
mercur)'  salts,  tlie  saline  and  drastic  purges — are  simply 
active  cathartics  or  antiseptics.  Th«  dark  color  of  the 
stools  is  due  to  their  carrying  the  normal  quantity  of  bile 
through  the  intestine  without  giving  time  for  the  normal 

The  most  important  preparations  are  marked  y%. 
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change  of  the  bile  pigment  to  the  Hghter  fecal  pigment ;  or 
to  diminution  of  the  bacterial  action  which  causes  this 
change.  The  action  of  acids  (especially  nitromuriatic)  and 
acid  salts  was  not  investigated  in  these  researches.  It  is 
conceivable  that  they  may  cause,  reflexly,  an  empt>ing  of 
tlie  gall-bladder. 


(E)  USE  OF  CATHARTICS. 

Calhartics  are  perhaps  ibv  mH.iHt  ancieiil  mvlhtid  of  tntenuU  medicaliofi,  and 
WCK  for  A  iMlg  time  pracrically  the  only  method.  Kvcn  the  Lireeks  um^  (be 
iune  word,  fopf/amtv,  both  fur  iiUernal  mcdicatioD  in  gcacral  tad  fx  the  use 
nf  calhartica  in  jMirlicular.  The  present  English  word  phytic  is  ^mibrl* 
applicd 

1.  Cathartics  are  .still  used  in  many  different  conditions; 
inn.st  frc(]ucntly,  however.  In  constipation,  particularly 
habitual  constipation. 

The  contequfnitt  of  limhituAl  conotipation  need  not  be  E<oae  into  in  this 
plore.  They  urisc  mainly  from  ihe  ftbs4«rpiiun  of  toxic  products,  the  result  t4 
bncterial  puireriictivc  prtKcsscs  going  on  in  thcinioline.  These  substancet  ut 
by  no  means  uniTons,  and  many  have  never  been  isolated.  Sooie  are  toxini, 
others  ptonuiinsof  the  muscorin  soncs  ;  II^S  is  also  poisoDOUii ;  su  is  indol, 
the  appearance  of  which  in  the  uritiL-  i»  usunlly  tuken  tut  an  index  to  (his  in- 
lestiiuu  ptilRfiiclifin.  Since  the  greater  num)M*r  nf  (hete  fmdocts  teod  to  ID- 
create  peHslaUis,  they  are  m  ^ome  extent  their  own  antidotes,  utd  arc  perhafi 
even  u^fut  in  normal  individuaU.  They  only  becooie  objectionable  if  their 
producliuD  exceeds  the  ordinary  limits. 

The  first  object  in  the  treatment  of  habitual  constipation 
is  to  rcfftove  the  cause,  if  possible.  This  cause  will  very  fre- 
quently be  found  in  faulty  habits  ;  irregularity  in  going  to 
stool,  in  time  of  eating  or  quality  of  food,  insufficient  exer- 
cise, etc.  These  must  be  corrected  if  they  exist,  and  this 
will  often  contribute  more  to  a  cure  tl\an  any  drugs. 

Another  cause  o{  constipation  is  atony  of  the  intestinal 
or  abdominal  muscles,  either  congenital  or  acquired.  In 
these  cases  resort  should  first  be  had  to  mechanical  means 
— ma-ssa^e  and  electricity.  If  these  mechanical  means  are 
rot  sufficient,  or  for  any  reason  cannot  be  applied,  the 
pharmacologic  remedies  are  indicated.  The  latter  are  also 
to  be  used  when  the  cause  of  the  constipation  lies  in  the 
pain  from  hemorrlioids,  or  the  pressure  from  tumors,  or 
pregnancy. 

In  using  cathartics  the  ruXc  should  always  be  to  etnpiey 
the  mildest  remedy  which  will  accomplish  the  re-sult  One 
reason  for  this  is  that  soft,  not  liquid,  stools  are  desired ;  but. 
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further,  a  "habit "  is  quite  readily  acquired,  so  that  the  in- 
testines will  require  stronj^er  and  stronger  stimuli,  and  the 
usual  cathartics  gratlually  lose  their  efficiency.  If  the  treat- 
ment has  been  begun  with  mild  measures,  stronger  ones  are 
left  for  later  use  if  necessary.  The  habitual  use  of  very 
irritant  cathartics  is  also  quite  apt  to  engender  a  chronic 
enteritis.  This  mistake  of  taking  strong  purgatives  con- 
tinually is  one  made  only  too  frequently. 

Perhaps  tlic  best  cathartics  in  habitual  constipatiuii  arc 
those  of  the  cathartin  group — senna,  cascara,  rhubarb,  or 
aloes.  There  is  really  no  objection  to  the  prolonged  use 
of  these  mild  cathartics. 

OccAMonally  one  eiicuuiiii'i's  paticnli»  wiih  juM  sufTicient  knowledge  lo  lead 
Umn  to  think  liinl  the  taking  of  purf;alivcs  u  agninsi  nature,  an<l  therefore 
neceadanl/  ilclrimcnlfll ;  ami  who  will  object  veiy  seriously  to  using  them. 
While  this  reasoning  is  vciy  good  when  die  intestines  ate  nunual,  it  cannut 
stand  when  anything  i^abnumial,  as  in  the  case  of  ainny.  An  atonic  umdi- 
tionof  the  intestine  reciuirci  the  habitual  use  of  cathartics,  just  as  an  atonic 
coodilioit  of  the  ciliary  muscle  requires  ttie  use  of  glasses,  lluth  are  harmful 
in  health,  both  are  indicated  in  disease. 

The  time  of  day  in  which  cathartics  are  to  be  given  is  de- 
termined by  the  length  of  time  which  they  require  to  produce 
their  action. 

The  vegetable  cathartics  ar  calomel  require,  with  moderate  do&cs,  ten  to 
twelve  hinifs ;  larger  1luse3^,  five  honnt ;  und  the  ilraslit's  may  even  act  in  three 
hours.     The  cathartic  8«lt:s  act  more  promptly — /'.  f.,  iu  uvc  to  three  houn. 

It  is  therefore  customar\*to  give  the  vegetable  cathartics, 
as  also  calomel,  in  the  evening  before  going  to  bed,  so  that 
they  will  act  in  the  morning.  However,  if  the  constipation 
is  the  cause  of  insomnia,  as  sometimes  happens,  it  is  better 
to  give  them  in  th«;  moniing.  The  cathartic  salts  are  usu- 
ally given  in  the  morning, 

2.  Purgahvcs  frequently  lead  to  the  arrest  of  diarrheas. 

This  mi^ht  at  first  view  appear  jmiaduxit^l.  Bui  ime  neefl  mdy  rnneinl>er 
thai  diarrhea  is  a  conservative  pmcess  intended  to  remove  the  irritant  agent, 
and  it  will  be  plain  that,  unletu  excessive,  che  employment  nf  a  cnthartic  is 
siinply  a  sitpporl  of  nature.  Otie  must  also  remember  that  peristaltic  ini- 
pulses  always  travel  in  a  downward  (tir«ciion.  The  irrilnuon  caiiiiefl  by  a  mass 
of  putref>1ng  irnteria]  may  set  up  quite  n  violent  perislalsts  below  this  point. 
white  the  moss  itself  may  be  but  little  affected.  A  cathartic,  on  the  other  hand, 
starting  ]>rnsiaU)«  high  in  the  inteJUine,  will  sweep  out  the  mass  and  remove 
the  maieries  morhi. 

3.  Cathartics  arc  indicated  in  those  infectious  diseases 
in  which  the  seat  of  the  infection  is  In  the  intestinal 
cnn7i\       If  the  bacteria  have  not  yet  penetrated  into  the 
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tissues,  their  expulsion  may  abort  the  infective  process,  or 
will  in  all  cases  diminish  it.  Catliarbcs  are  in  this  way  "  in- 
testinal antiseptics." 

4.  Cathartics  are  useful  to  remove  poisons — bacterial  or 
cheniic — both  from  the  intestinal  canal  itstrlf  antl  from  the 
body.  They  will  be  useful  in  preventing  the  further  ab- 
sorption of  a  toxic  agent,  as  well  as  the  reabsorption  of 
such  poisons  as  are  excreted  into  the  intestine. 

g.  A  ftntlicr  indication  for  the  use  of  catliartics  is  to 
soften  the  stools.  This  is  required  in  diseases  of  the  rec- 
tum, especially  hemorrhoids ;  also  to  prevent  any  tendency 
to  straining  during  stool  (in  aneurysm,  or  hernia,  or  tend- 
ency to  apoplexy). 

6.  Another  use  is  in  dropsical  conditions  of  all  kinds, 
to  remove  water  from  the  body.  This  alsn  nflbrds  reliel'  to 
the  kidneys,  so  that  cathartics  may  be  useful  in  nephritis. 

7*  Irritant  cathartics  are  of  value  in  congestions,  espe- 
cially of  the  brain,  through  changing  the  distribution  of  the 
blood.  Since  they  draw  more  blood  to  the  abdomen.  thc>' 
lower  the  general  blood  pressure. 

8.  Cathartics  arc  also  used  to  lower  temperature  in 
fe\'cr.  This  action  is  not  sufficiently  explained.  TJjey  do 
not  aflcct  the  normal  tctnjjcrature. 

Conttaiutikations. — ^There  are  several  contraindications  to 
the  use  of  cathartics,  especially  to  the  stronger  kinds.  All 
inflammator>'  conditions  of  the  abdominal  organs  (peritonitis, 
gastro-enteritis.  etc.)  preclude  the  administration  of  iniotinal 
irritants.  I'regnancy  and  menstruation  are  contraindications 
to  the  use  of  the  stronger  cathartics,  since  the  hypcrcnna 
may  lead  to  abortion  or  excessive  menstrual  flow.  General 
debilit>'  or  tendency  to  collapse,  as  also  threatened  intesti- 
nal hemorrhage,  are  further  contraindications,  as  also  toxic 
spasra  of  the  intestine. 

Experience  has  established  which  of  the  catliartics  best 
meet  the  special  imiications.  In  habituai  constipatioH,  where 
the  object  is  to  produce  the  least  irritation  possible,  rhubarb, 
senna,  and  cascara  sagrada  or  aloes  arc  the  best.  In  i/wr. 
rhca,  tliose  which  produce  large  and  watcrj^  stools  with  tbe 
minimum  of  irritation  are  preferred;  i.e..  the  saline  cathar* 
tics  or  castor  oil.  To  softtn  the  f(ce$.  sulphtir  and  eucmati 
deserve  preference.  For  the  rfimn'al  of  lufuid  from  ti»c 
body,  the  best  would  be  the  saline  catharbcs  with  the 
addition  of  either  senna  or  rhubarb.      For  the  rtmava/  of 
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poisons  or  of  other  toxic  products  from  tlic  alimentary 
canal,  one  would  use  the  most  active — the  drastic  purga- 
tives. 


(F)  ANTHELMINTICS: 
f.  c.  Remedies  against  Intestinal  Parasites. 


■  I.  GENERAL  CONSIDERATIONS. 

V  An  active  peristalsis  will  tund  to  remove  intestinal  para- 
sites, as  well  as  the  other  intestinal  contents.  Acti\'e 
cathartics  are  therefore  necessarily  Vermifugt's — /'.  ^.,  druf^s 
which  expel  parasites.      Kut  these  parasites,  when  in  good 

P  condition,  are  endowed  with  remarkable  faculties  of  main- 
taining their  position  in  the  intestines — by  traveling  in  the 
direction  opposite  to  peristalsis,  or  by  fixing  themselves  to 
^  the  intestinal  wall  by  means  of  suckers  or  hooks,  or  by 
|P  their  serrated  margins,  etc.  It  therefore  becomes  necessary 
to  lower  their  vitality.  This  ma\'  be  done  to  some  extent 
by  appropriate  diet.  But  this  is  rarely  sufficient,  and  it  is 
generally  ncccssar>'  to  employ  drugs  which  will  paralyze 
them — Vtrmicidfs,  Since  the  latter  necessarily  present 
some  danger  to  the  host  as  well,  it  is  desirable  that  they 
siiould  be  used  in  the  smallest  doses.  For  this  reason  it  is 
well  to  give  them  their  maximum  efficiency  by  preceding 
tiiem  with  a  course  of  diet  which  lowers  the  resistance  of 
the  parasite  without  afTecting  the  host.  The  vermicides  but 
rarely  kill  the  parasites;  these  usually  recover  if  they  re- 
main in  the  intestine.  It  is  therefore  ver>'  necessary  to  fol- 
l»tw  the  vermicide  by  an  active  cathartic,  usually  a  drop  of 
croton  oil. 


11.  PRELIMINARY  DIETARY  MEASURES. 

A  limitation  of  the  proteids  of  the  diet  is  generally 
regarded  as  injurious  tn  the  parasite,  but  care  must  be  taken 
not  to  carry  this  so  far  as  to  weaken  the  resistance  of  the 
patient  Carbohydrates  may  be  allovveiJ  m  any  amount 
Mechanical  irritants — vegetables  rich  in  fiber ;  the  seeds  of 
strawberries,  blackberries,  or  figs ;  the  husks  of  grain,  etc. 
— are  verv*  useful.  So  are  "sharp"  articles  of  diet — condi- 
ments, especially  those  of  the  mustard  group,  strongly 
salted  meat.  etc.  At  the  time  when  tiie  vermicide  is  taken, 
rthe  intestinal   canal   should   be  fairly  empty,   so  that  the 
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parasite  will  not  be  protected  by  the  contents.  The  rem- 
edies are  therefore  usually  given  before  breakfast,  and  no 
food  is  taken  for  several  hours  after.  Tliis  unfortunately 
increases  the  tendency  to  the  absorption  of  the  poison,  and 
to  the  local  irritation.  Vomiting  may  occur  and  render  a 
repetition  of  tlie  whole  cure  necessary.  It  has  been 
attempted  to  circumvent  this  difficulty  by  combining  the 
principles  with  tannin,  but  this  lessens  their  action.  The 
best  tliat  can  be  done  is  to  inclose  tliem  in  gelatiii  capsules. 

III.  VERMICIDES. 

The  substances  which  are  toxic  to  intestinal  parasites  are 
in  general  toxic  to  all  forms  of  protoplasm.  The  class  of 
intestinal  antiseptics  arc  all  to  some  extent  vermiddal.  hut 
can  scarcely  be  introduced  in  sufficient  amount  to  kill  the 
parasites  without  injuring  the  host.  Special  qualities  arc 
necessary  for  this  end :  The  remedy  must  be  absorbed  to  the 
smallest  possible  extent,  since  its  ab.sorption  would  not  only 
render  it  deleterious  to  the  patient,  but  would  also  prevent 
its  reaching  the  loiver  portions  of  the  intestine-  and  acting  on 
tlie  parasites  found  there.  On  tlie  other  band,  it  mtist  be 
capable  of  penetrating  the  resistant,  ofttn  chitinous,  covering 
of  these  worms.  This  combination  can  only  be  secured  with 
votatik  poisons,  whose  vapors  permeate  the  intestinal  canal 
and  penetrate  into  the  parasites  before  there  is  time  for  an 
extensive  absorption.  The  latter  is  also  retarded  by  the 
presence  of  fi.xed  oils  ;  and,  accordingly,  it  will  be  found  that 
the  majority  of  vermicides  are  solutions  in  a  fixed  oil,  of 
some  volatile  poison,  essential  oils,  or  volatile  alkaloids,  etc 
From  tiiis  volatility  of  the  active  principles,  it  follows  neces- 
sarily that  these  drugs  are  not  very  stable ;  the  more  M 
since  tlicse  principles  also  undergo  chemic  changes  vciy 
readily.  This  uncert.iin  activity  has  thrown  mistrust  on  the 
whole  class  of  antlielniintics.  The  pharmaceutic  extracts 
or  isolated  principles  share  this  instability,  although  to  a 
less  degree. 

Finally,  it  is  more  than  probable  that  these  parasite*,  2S 
mo.'it  other  forms  of  life,  show  peculiar  susceptibUtty  to  cer- 
tain poisons.  There  is  some  hope  that  further  research 
will  bring  forth  specific  vermicides.  At  present,  the  follow- 
ing data  have  been  gathered  from  empirical  observations : 

The  most  efficient  for  Tapeu^orms  are  .Male  Fern  (espe- 
cially for  Bothriocephalus);  l^elletierin  (especially  for  T;eni3|; 
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and  Kosotoxin  ;  for  Round  Worms,  Santonin  and  Spigelia. 

•  'Ptrctxd  Worms  arc  tnrated  most  efficiently  from  the  rectum 
by  enemata. 

It  may  be  well  to  mention  tliat  the  vermicides  are  under 
no  circumstances  absuluUiy  safe.  Tliey  should  never  be 
given  unless  the  parasites  or  their  eggs  arc  actually  demon- 
strated in  the  feces.  This  is  also  the  time  when  treatment 
offers  the  greatest  chance  of  success. 
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(A}  Vermicides  for  Tapeworm. 


I.  Turpenlioe  (we  p.  688)  is  u>«(l  in  flome^tic  TDedicine  in  tabl(»ptx>n 
di'rsrs,  It  U  uDcenain.  unci  produces  such  violent  irritaiion  ot  the  alimtutftry 
chhxI  Aod  kidney^  thai  il  is  not  to  \vc  ndvUed,  The  same  holds  Xraxi  of  Chloro- 
form. Thym<>!y  SaM,  X/tfAfa/,  etc.,  bave  nni  been  subjected  to  sufficient 
trial  to  permit  lo  estiiiuite  ol  their  value. 

3.  Pumpkin  or  Mdon  SevJ,  fresh  or  at  leait  not  over  a  year  old,  is  eaten 
in  half-otiitce  nr  ounce  d<Me«.  on  the  day  preceding  the  regular  treatment. 
They  are  not  sufiiciendy  active  themselves,  but  Knc  to  support  other  uieflsureji. 
Il  i»  nut  known  iu  uhnt  Uicir  aciion  rcudett.  but  they  coiiiuin  a  laii^  nmuunt 
of  fat,  wilb  tnccs  of  volniile  oil  and  resins.  The  rre>>h  "  milk  ' '  of  the  cocoit- 
Dut  ts  also  said  to  be  anthelmintic. 

^%  /'rfi^  ( U.S.  P. )  .—J'urMfhH  Sftt/.  The  seed  of  Cucur^ita  /V^,  Cucur- 
bttacca: :  cultivated. 

3.  Aspidium  (U.S.P.)  [J'liix  Mas,  B.P.].— iVaA-  /rrw.— The rhiwnnc of 
Drynfitfru  ( A»ptdittmi  /-llix  mat  and  />-  mitrginaiii,  Filiccs.  Norlli  America, 
Northern  A&ia,  and  Europe.     />iijc  .■  3.o  lo  6,0  Gm.  (30  1090  cmm*}. 

The  active  ingredients  are  Filicic  Acid,  a  volDtlle  oil,  iind  a  1ixt-d  oil.  All 
KCm  to  be  necesuty,  but  the  filicir  atid  is  the  nioM  aciive.  On  keeping  the 
drug,  this  peasea  readily  into  its  onhydrid.  Filicin,  which  is  absolutely  inactive. 
Tile  offidal 

^%  Olearfiina  AtptJit  [£xfriu/»m  Ft/ini  /.i^uiifHW,  B.P.],  niadc  by  <«• 
traction  wilb  ether  nnd  evaporation,  MMms  the  only  ratinul  prepotstiuo. 
Dine:  I.O  to  4.0  c.c   (■«  to  I  drachiiOt  piefeiahly  tii  ca]^ulc9. 

Chtrdi>s^%  UIU.4C  especially  ncrvoat  phenomena :  General  dcpreiition,  conaa. 
Ami  conxiilsJons  cc^lhipse,  and  somrlimcs  death  ;  there  i^  also  usually  a  gaslro- 
rnteritis.  Di^lu^{>Ance%  of  vision  are  not  uncnmnion.  The  nerve  fibers  are 
degcnf^roted  The  Llinticc  of  uhM^rption  is  ittatcd  to  be  increased  by  the  prcs- 
CEKC  of  an  exresK  of  fixed  oil  in  the  intestines,  so  that  it  ifi  caitiraiHiiuated  to 
Bie  castor  oil  n^  calhaTlic. 

4.  Granatum  (U.S.P  ,  B.P.).—/'<»ffr<frtf«.i/^.— Thebark  of  the  sicm  and 
root  of  lUmiia  GraHtttum,  ].ythrane.v.  Culitvalcd  in  aubtnipical  countries. 
D»te .■  2.0  to  6.0  Gri.  ( ^2  to  I  S  drachms),  usually  giv^n  &»  infusion. 

The  actrtf  fcnstilufHis  are  two  volatile  ulkaloidij — I'elictienu  {=  l*unicii)) 
atid  Iwipelletirrin  1  :=  Granntonin  }.  There  are,  further,  two  leu  active  alka- 
loidii^Melhylpelletierin  and  I'seudopellclierin.  The  dru){  also  contains  a 
large  proportion  (20^  )  of  a  peculiar  tannin — I'unicutannic  Acid. 

Dftoftum  GniKoii  Corrtm  (B.P.). — 30^.  Dosr :  15  to  60  cc.  (>£  to  a 
OSS.}.  The  iat^c  amount  of  tannin  in  this  |>repam(ion  is  very  irritant  to  the 
stomach,  and  fretiuently  circumvents  the  purpose  of  the  drug  by  ctudog 
vomitmg.     To  avoid  thi^,  and  nl-io  lo  give  greater  uniformity,  the 

^♦^  f'tHttiermum  laituuum  has  been  introduced.  It  is  an  insoluble  pow- 
der, and  is  given  in  the  dtise  of  0.5  to  1.0  Gm. 


The  most  important  preparations  are  marked  ^*^. 


IRRITANTS  OF  THE  ALIUENTARV  CANAL.        CH.  XXX. 

Oi-trticses  produce  results  Mmilar  lo  (hu»c  of  Filix  mits,  but  1«»  vioJetiL 
Applied  to  llie  eye,  it  pRKlu4:i:s  luiuiris,  as  doc&  slso  aiccoliou 

5.  CusBO  (U.S.P.,  B.P. ). — A'ausso.  Jtrayera. — The  feniale  tnlloFtacence 
of  Ha^eniii  Abysiinua,  Rosacea?.  Aby^sinin.  Dtut ;  10.0  to  20  o  (.>m.(3,^  to 
5  (Inulims).  (Tlic  male  flowers  arc  jKiwcrfulty  emettc,  and  llicrcforc  iM^eu 
15  vermicides. ) 

The  aetivt  prindpie  is  given  as  Kosoloxin,  a  noii- nitrogenous  neutral  pria- 
ciple  ;  also  rR»ins  (CoiiMin  aiid  Cusiii)  and  votalile  ails,  whidt  probably  aid. 
Pnpumtiim : 

Kxtriiitum  Cussa  riuiJitm  (U.S.P.J. — Made  with  alcohol.  Dotf:  4  to  15 
CC-  ( I  to  4  dradiMis). 

Kamala  [U.S. P. I. — RottUrft, — Tlie  glands  and  hairs  from  the  fruit  rap- 
sales  of  Jilallt^tits  Philippituttiii,  iLuphorbiaccn:.  India,  China,  and  Itiili|>- 
pinrit.  Dose:  10  Gm.  (l^j  draclims).  The  active  ingredient  appears  tube 
RotllfriH. 

*  AreCB. — The  fruit  of  Anca  CaUihu^  Palnue.  Snithcm  Asia.  Contain* 
Tcrmjcidal  volatile  alkaloid  (Ansoolinj.  Arcca  is  only  lucd  in  retcriaaty 
medicine. 


(B)  Vermicides  for  Round  Worms  (Ascarls  lumbricoldes). 

AM  ihc  rcmi-fiic*  for  Tii[)c-worm  are  lo  9*>xnc  extent  eftcctive  ;  and  the  vsie 
dietetic  meu^u^e*,  as  well  as  sub>e<]ucnl  purge,  are  necessary. 

Santonica  iU.S.P.). — Ln-ant  IIWmucU. — The  uoexpanded  Howerhea^ 
of  Artfiuitiit  pauit/liir.t,  Ci»ni[>ti?.iiie-  Turkestan.  Dcjc  :  lo  4  Ooi.  [60  j^n.). 
Now  obsolete,  since  it  hii'^  no  tidvnntage  over  its  chief  coastitaeni : 

.,%  Santoninum  {U.S.I'..  B.P.i. — i««/<>«j«.^C,iH,/.t,.  A  neutral  prin- 
ciple, occumnj;  a«  cuLorle^.^  cr>-slnU.  Nearly  insoluble  iu  water,  ioJublc  lU  4O 
parts  ol  alcohol.     Befll  given  in  the  form  of 

.%  Tri}ihi$d  Stmtonini  (U-S-P.).  —  Each  contains  0.03  Gm.  {%  pain]. 
[B.P.  =^  1  grain].  Di>.ff:  for  children,  I  to  4 ;  for  adults,  lo;  U.S.P.  [5- 
b.P.l ;  given  in  the  evening 

The  lUtioH  of  santonin  is  nut  well  understood,  but  there  i<  no  doubt  tlut  )t 
drives  the  ascaridea  into  the  lower  intestine,  fruoi  which  they  can  be  dialodfcd 
by  CAthartics  especially  cnloniel. 

The  »anloniii  itself  k  practically  iiiMiIuble,  but  in  the  inieMine  it  is  coo- 
verle<i  into  llie  soluble  niul  ahsorhnblr  «iitil<iniii-'i<Mlium  Thi*  i»  excfrled  ia 
the  urine  as  sanlogenin,  giving  the  liquid  n  li;mon-yellntv  ci^lor  when  acid, 
cnmiine  red  when  ulkaline.  This  nbsoqjtion  determines  various  sysiemic 
plicmimena. 

Doses  as  smnll  as  o.l  Gm.  cause  "  yellow  vision  " — i.  e.,  white  light  has  at 
linil  u  violet,  then  a  yellnwi»>h  giecn  hue.  and  these  colors  tint  the  entire 
field  of  virion.  (Exactly  the  same  pbcmmienon  is  somettraes  seen  with  atajl 
nitrite.)  The  power  of  seeing  in  dim  light  is  also  lessened.  It  has  beoi 
detnonttmted  ijiat  the>e  elTccts  arc  peripheral,  and  the  theory  is  advanced, 
based  on  some  exiierimenlit!  datn,  that  j^antonin  impairs  the  rcproduciion  of  the 
vimal  purple  and  viotel.  which  are  at  first  uAcd  very  rapidly.  There  b  no  truth 
in  the  statement  tlial  it  diKvtlors  llie  niL-dia  of  the  eye. 

Still  IrtT^er  do^s  have  often  led  lo  foxtc  sympit^ms.  These  compri.<«r  head- 
ache, T<rrli|.,'o,  weakness,  somnolence,  tfifulfiem,  fall  of  Ccmperaiure.  delinum, 
vomiting,  ami  <liarrhca. 

The  treatment  would  be  symptomatic.  .Santonin  has  also  been  liwd 
against  cpilffiy,  with  very  little  success. 

The  follnwing  are  used  only  in  domestic  medicine ; 

Spi£elia  (U..S.P.). —  Pinkrsyot. — The  rhisome  and  lOotS  of  S^igdia  Man- 

*  Not  official. 

The  most  important  prvparatioas  are  marked  «*|^ 
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ianJua^  LoyatiJAcea.-.  SouUicm  United  Sutes.  Said  to  ooatAin  a  volatile 
oiJ.  volatile  alkaloid,  eikI  b  bitter  priociple  and  re&io. 

Extrattum  Spigetia  fiuiJum  (i;.S.P.).—OiK-baIf  alcohol.  Dou  :  2  to  S 
ex.  <  i-^  to  2  drachms). 

Cnenopodium  (U. S.P.I. — Amrritan  H'ormietd. — llie  fruit  of  Chtnopo- 
JiutM  aniiiis'jieitifs  (varitriy  atitlicluuntioiiii),  Chcmipodiatcif.  NatuniUzed  in 
Unilr«)  Slate*.  Doit :  i.o  to  J.o  Gin.  (15  to  30  gnt.).  Tlic  active  ptiticiple 
ia  probably  a  volsule  oil — 

Olmm  C'.4^Mc/W/i  (U-S-P.). — D»ie  :  O.I  to  0.6  cc.  (3  to  10  auaiau). 

TanacetuiD  ^see  p.  692). 


I  (C)  Vermicides  for  Thread  Worms  (Oxyurts). 

These  are  tuoally  treated  must  etAci«nlly  by  tlie  rectal  iojection  of  various 
irrilaiita;  The  rectum  is  fir»t  treated  vilh  injcction»<  of  iron,  uiiiiin,  or  bittcis, 
to  limit  the  iecTctiofi  <if  mucus  am]  i»  then  irTigaic<l  with  !iolution»  or  emul- 
sions of  mU  ( .^ss  In  pt.).  aluc»  ( ■;)  lo  pi.),  ur  turpentine  (^ij  lo  pi.  u  etc. 
Mercury  salts  aic  sometimes  used  as  injection  or  suppository,  but  aie  dan|{er- 

ODS. 


CHAPTER  XXXI. 


EMOLLIENTS  AND  DEMULCENTS. 


(A)  SKIN   DISEASES. 

Emollients  and  Demulcents  arc  drugs  which  soften, 
"relax,"  protect,  and  "soothe"  the  parts  tn  which  they  are 
applied  ,  in  other  words,  drugs  which  lessen  irritation.  The 
tenn  cmoUUtit  is  restricted  more  to  those  used  on  the  skin, 
dimuiccut  to  those  apphed  to  mucous  membranes.  No  very 
sharp  distinction  can  be  drawn  bt-twecn  tliese,  and  many 
belong  to  both  classes;  but,  as  a  rule,  the  fats  arc  used  as 
emoUients,  the  gums  as  demulcents.   - 

These  substances  act  by  beiii^  chemically  and  physically 
indifierent  Their  chcmic  affinities  are  ver>-  weak.  Since 
they  arc  cither  insoluble,  as  the  fats,  or  possess  verj'  large 
molecules,  as  the  colloids,  they  do  not  exert  any  salt  action. 
They  may  therefore  be  left  in  intimate  contact  with  cells  and 
tissues  without  causinjj  irritation.  When  applied  to  exposed 
surfaces,  the>'  sen'e  tn  form  a  i>rotecti\e  c<iating.  and  pre- 
vent the  access  of  irritants — wliether  chemic,  as  by  gases  or 
solutions  ;  mechanical,  as  by  dust ;  or  bacterial ;  or.  finally, 
through  the  effects  of  drying.  In  this  protection  lies  their 
main  value. 
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The  oily  emollients  are  valuable,  in  addition,  by  pene- 
trating into  the  squamcs  of  the  stratum  comcum.  and  render- 
ing this  more  pliable.  They  reinforce  in  this  way  the  nat- 
ural fat  of  the  skin,  prevent  roughness  and  "cracks"  from 
wind,  fronv  cold  weather,  from  skin  diseases,  etc. 

A  further  use  uf  eniollierUs  is  for  the  coiweyance  if  nudi- 
cint'S.  As  has  been  pointed  out  on  page  137.  non-volatile 
substances  are  not  absorbed  by  llie  skin  from  aqueous  solu- 
tions, but  from  solutions  in  oil.  The  rapidity  of  this  absorp- 
tion am  be  greatly  increased  by  rubbing  the  ointment  mio 
the  skin.  The  fat  can  be  made  to  penetrate  quite  deeply, 
and  may  be  demonstrated  microscopically  in  the  lymph- 
channels. 

The  true  fnu  ore  gmduall^  oxidiied  and  diwppw.  But  the  minenl  ofli 
— ]]etrol«uin,  etc. — are  practicAlly  incapable  of  oxidatiim,  remain  in  Uic  nb- 
cuiAneuu»  tissue  for  a  long  time,  aiid,  acling  ta  foteijjii  budir;,,  niay  ytvt  • 
stmrce  of  irricatiun.  Tbe  animal  and  vegetable  faUfc,  thervrorc.  dc*0W  Ibe 
preference  when  penetration  is  to  be  secured. 

Glycerin  (see  p.  743)  resembles  the  ordinar>*  fats  very 
closely.  Its  hygroscopic  nature  prevents  it  from  drjing. 
However,  if  used  in  concentrated  solution  on  mucous  mcrD- 
brancfl  or  open  wounds,  it  withdraws  water  from  the  tissues 
and  acts  as  a  mild  irritant.  It  is  useful  in  this  w  ay  as  a  purga- 
tive, being  administered  either  as  enema  ( i  or  2  drachms,  tin- 
diluted)  or  as  suppositor)*.  It  is  also  useful  as  a  demulcent, 
but  its  action  does  not  extend  beyond  the  stomach,  sinoe 
it  is  absorbed.  It  i<i  capable  of  oxidation,  and  ma)'  be  a 
source  of  energy.  Its  sweet  taste  has  caused  it  to  be  uscJ 
as  a  substitute  for  sugar  in  diabetes,  but  the  swet^tncss  isoi 
a  kind  rather  disagreeable  to  many  persons. 

If  emollients  arc  applied  to  open  wounds  or  denuded 
surfaces,  the)'  serve  tJic  function  of  an  artificial  cpidcrmij. 
furnishing  a  protection  against  injurious  agents.  The  same 
result  can  be  secured  by  covering  the  surface  with  a  thin 
pellicle  of  an  impermeable  substance.  ;is  by  applying  loile- 
dion  or  resinous  tinctitres,  and  allowing  the  solvent  to  evap- 
orate ;  or  b\^  appl)*ing  plasters  or  bandages.  The  blicr 
cannot  be  di.-?cusscd  in  this  place.  The  plasters  difTer  froqi 
other  fats  mainly  in  their  firmer  consistency.  On  this  ac- 
count they  are  much  more  slowly  absorbed,  and  can  be 
applicrl  for  a  longer  time.  However,  thctr  action  also  differs 
from  that  of  plain  ointments  in  being  more  irritant  Tht» 
is  due  partly  to  their  preventing  entirely  all  evaporation 
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from  the  skin,  partly  also  to  small  quantities  of  volatile 
oils  contained  in  the  resins  from  whicli  they  arc  prcjwrcd. 
They  are  frequently  useful  as  mild  countcrirritants  for  the 
relief  of  pain,  absorption  of  swellings,  hastening  of  abscess 
formation,  etc.  They  are  also  employed  for  the  conveyance 
of  drugs  which  arc  intended  to  act  purely  locally,  and  to 
be  absorbed  verj'  slowly,  such  as  Belladonna,  Aconite, 
Capsicum,  etc. 

Adhesive  plaster  acts  purely  mechanically.  Poultices  are 
also  largely  emollient. 

Another  class  of  substances,  exerting  a  similar  action, 
but  physically  vcr\*  different,  are  the  liustittg-ptKiHitrs. 
These  could  be  arranged  into  several  classes.  The  simple 
powders  are  very  fine  ("impalpable"),  indifferent,  insoluble, 
non-irritant  pow-dcrs,  such  as  talcum,  chalk,  starch,  lycopo- 
dium.  etc.  They  form  a  covering,  just  as  cio  the  fats,  and 
are  also  used  to  prevent  friction.  They  absorb  secretions 
by  capillary  action,  and  are  therefore  drying.  The  metallic 
oxids  and  carbonates  arc  in  addidon  somewhat  astringent 
The  absorbability  of  toxic  metal.*;,  even  when  in  the  form 
of  insoluble  salts,  must  nut  be  lost  sight  of,  and  Itrad  com- 
pounds should  be  avoided  altogether.  Bismuth  salts,  ex- 
cept perha|js  the  subgallate,  are  also  dangerous  if  applied 
to  open  surfaces.  The  zinc  o.\id  and  carbonate  are  entirely 
unobjectionable. 

Lycopodiure. — The  ipores  of  LyiopoJium  dirvatum  and  other  species. 
Lycapodiscez.     Nortbcm  Hctniiphrrc.     Ui^pd  only  as  du^ting-iKtwilcr. 

Demulcents. — If  soothing  substances  are  applied  to  the 
mucous  membrane  of  the  respiratory  or  alimentary  tract, 
their  action  must  be  conceived  as  parallel  to  that  on  the 
skin.  But  it  must  be  remembered  that  this  action  is  exerted 
only  by  that  portion  o^  the  substance  which  adheres  to  the 
walls — not  by  that  contained  in  tlie  lumen.  The  gums, 
possessing  a  greater  degree  of  "stickiness,"  are  therefore 
more  effective  in  these  situations  than  the  oils,  and  are  the 
most  useful  detniilcents. 

The  quality  of  drj'ing,  which  renders  them  inapplicable 
to  the  skin,  does  not,  of  course,  come  into  play  here  ; 
whilst  there  is  no  thick  stratum  comeum  to  be  softened,  as 
by  oils. 

One  sees  a  besudful  illuMration  of  these  focu  in  the  mtunl  lubricants  of 
body-coverings.     WhiUt  the  stun  U  Qonnally  covered  wiUi  a  thin  layer  of  oU, 
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ihe  membranes  of  ihe  inwnor  of  tbe  bodj  uv  moistennl  wuH  mum-.,  wludi 
is  a  lypicol  gummy  demulcenl. 

The  characteristic  qualities  of  these  colloids  (i.  <■.,  glue- 
like substances)  are  seen  in  their  \sater>'  solutions. 

"Solution"  is  |>cHups  s  mtmoBiCT',  for  many  do  not  exhibit  the  chancten 
which  arc  con^idcrcO  as  distinctive  of  true  toluiiunt. 

These  "solutions."  then,  are  more  or  less  viscid,  adhe- 
sive, non-irritant,  comparatively  impenetrable,  and  absorbed 
with  difficult)',  if  at  all.  As  has  been  said,  mucus  is  avc'r>' 
epical  demulcent,  and  the  artificial  demulcents  arc  mainly 
useful  when  tlie  natural  mucus  is  deficient  in  qtiantity. 
Their  ability  to  protect  tlic  membranes  against  irritants  will 
be  readily  understood.  In  the  alimentar}'  canal  they  uill 
be  useful  against  all  forms  vX  ii-rUant  poisons,  whether  intro- 
duced from  w  itliout  or  formed  in  the  body,  as  in  faulty  diges- 
tion. Milk  or  eggs  are  effective  in  the  former  case.  Col- 
loids will  also  livlar  the  absorption  of  other  substances,  and 
this  determines  their  use  in  pills,  capsules,  etc.,  as  well  as 
the  advantages  of  extracts  over  alkaloids,  etc..  in  certain 
cases.  On  the  oilier  hand,  this  interference  with  absorption 
is  objectionable  when  the  drug  is  given  hypodcrniically. 
The  demulcents  are  also  useful  in  disguising  or  moderating 
the  taste  of  disagreeable  substances. 

A  good  instance  of  their  actiun  in  lessening  irtitation  is 
the  addition  of  boiled  starch  to  etumata^  to  secure  their 
retention.  In  inflammation  of  the  respiratory  passages — 
bronchitis,  larj'ngitis,  and  pharyngitis — such  a  protection  of 
the  inflamed  mucous  membrane  again.st  the  irritation  of  bac- 
teria, air,  and  dr>*ing,  must  be  of  the  greatest  importmce. 
Theoretically  one  would  be  inclined  to  think  that  their 
action  would  be  limited  to  the  upper  portions  of  tlie  respira- 
tory tract;  but  clinical  experience  has  shown  that  this  is  b>* 
no  means  the  ca.se.  and  that  their  action  extends  to  remote 
bronchi.  It  would  seem  vcr>'  unlikely  that  they  would  be 
excreted  here,  as  has  been  claimed.  Their  effect  must  be 
either  reflex,  or  else  they  must  reach  these  parts  by  grad- 
ually flowing  to  them. 

MATERIA  MEDICA. 
1.  Bland  Ffttty  OUs. 

Tbese  oils  arc  liquid,  iosolulilc   in  wnier  or  glycerin,  ftfy  s|««iaf>lT 
alcohol,  freely  in  chloroform,  ether,  volatile  oiU,  or  fats,     llic  doae  iah 
□ally  i<  from  1  to  8  ounces  (jo  to  250  cc). 
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,•»  OUutn  Otittt  (U.S.P.,  ^V.).—Oihv  Chi  {SiMrl  OtI\.—1W  Ried  oil 
cxpicMctl  rruin  the  npc  fruit  of  Oita  Europira,  OleaccK.  Cultivated  in  ivonn 
climates.     Tlie  bcsl  6\\  for  internal  use. 

O/fNtn  Ani)-gdalir  liiptfssum  (U.S.P.,  B.P.I. — F.xprtufJ  Oil  o/  Almond. 
— A  tixwi  nil  expressctl  from  liiHer  ur  Sweet  Almonds  [sec  p.  7451. 

Olfum  Lim  (U.S. P.,  ^.V.).~Lim<(d  (_Flaxsttd\  £>//.— Expressed  from 
LiuMcd  (see  below). 

,*,  OUum  Gossypii  Sffiiitis  (U.S.P.)- — Ctsthmued  OH, — Expressed  from 
the  s<e<l»  uf  Gossy/'ium  herbatfum  nud  other  s{>ccie5,  Makncete.  Cultivated. 
Oo  account  of  its  chcapnc^,  it  is  especially  atlaplcd  for  cxtcnval  use. 

Olfum  Adipis  |U.S.P.|. — Lard  Oil. — The  liquid  purtion  of  lard. 

Many  other  oils  may  also  be  u»ed. 


II.  Other  Liquid  Emollients. 

^^Ghcfrmum  lU.S.P.,  B.!'.  t— (/Vt-^'^/w.— (C.HjtOHIj.)— A  thick, 
comleii:!  liquid,  uf  a  sweetish  la^te,  obtaiiied  by  the  decomposiciou  of  faih  or 
faitj  aiU  (set  p.  5931.  Spetitic  gravily.  1. 250.  .Soluble  id  water  or  alcohol. 
(Aji  imptiruitit  us«  of  glycerin  is  a!i  a  solvent — lee  p.  63). 

Preparations  :  (ilyccfiliiin  Aniyti  and  Vilolli  («iee  u.  744). 

Suppositoria  (ilycerini  (L'.S.P-,  B.i'.J  (see  p-  7*9). 

Glycerin  enten  a]K>  into  many  other  preparations  as  solvent. 

^*^AddutH  OUicum  (U.S.P.,  B.P.).  — <?/rtV  ^^i</.  — H.C„H„Oj  (wre  p. 
587).  A  yellowi&h  or  bmwntiih  oily  liquid,  insoluble  in  waler,  snliihle  in 
alcohol.  Usually  quite  impure,  containing  otlier  fatty  acid-S.  U&cd  principally 
as  «>lvem  for  inedicinc*^  inicndnl  lit  be  absorbed  fruni  ihe  hkin. 

^*^  Petrolatum  Liquuium  (U.S.P.)  [Paraffinttm  Li'juidum,  B.P.]. — A 
mixure  of  hydrocarbons,  chictly  of  the  mar^h-gai  series,  obtained  from  petro- 
leam,  and  purified  until  il  I1H.1  the  rrqiiirrd  color  (Fuscum,  Flavuni,  Album, 
AlbiMJinuiii,  etc.)- 

III.  Semi-solid  Fats. 

'  These  possess  the  character  of  ilie  fatly  oils,  except  tliat  they  are  soft  sulida 
at  ordinary  temperature. 

,%  Okum  Tht«bromatis  {U.S.P.,  B.P.). — Ca(ao-hutter,—K  tnJid  fax  tx- 
pmacd  from  tlie  need  of  TheA>roma  tatao,  StcrcuUaccie.  Central  and  South 
Aawvica.      Um^I  mainly  for  making  suppositories. 

Snvm.—Siuf  (U.S!?.,  B.I'.)  — Mutton  Swt.—Thc  Intemol  fat  of  the  ab- 
donmi  of  the  Sheep  {Otis  anri),  purified  by  melting  and  siraining. 

Adrpt  (U.S.P.,  B.P.).— Lard. —The  internal  fat  of  U»e  abdomen  of  the 
pig  [S*ts  icrcfii).  Other  animals  also  yield  fats  which  are  popularly  supposed 
to  have  n]>ccinl  iKlvantnt;e< — doy  fat.  gtniw  (j^rease,  clc  Tbcrc  ajipcarft  lo  be 
DO  reason  for  preferring  them  to  the  more  easily  obtainable  lard. 

Animal  fats  become  rancid  quite  mpidly.  Hence  all  uiutmcnis  ore  directed 
to  be  prejiared  from  : 

m*m-^'^'P  StHit'inatHs  i,\iS.V.,  B.P.). — Made  by digr^ing  lard  with  ^m 
bentoin.  In  thi^  proceasit  takes  up  a  certain  amount  of  the  latter,  and  acquires 
the  pn}|jcities  of  halMUns,  beside»  increasing  ilii  own  ker)>iii[;  qualilte.^. 

*  Butyrum,  BHttrr,  la  sotnetimcs  used  a*  an  ciiilinrnt  bajiis.  Since  it  can 
not  be  salted  for  ihi^  purpoae,  it  keepA  very  poorly. 

^^^  Adept  Lan*r  Hydroun  (L'.S,P.,  RP.).— The  official  sobstitote  for 
La.m«liH.  The  puriBed  fiit  of  sheep's  wool,  mixed  with  not  more  than  30*1^ 
cf  wat«r. 

Adept  Lana  (B.P.)  is  the  same  substance  without  water. 

Wool'fat  possesses  a  numlier  of  advantages  as  an  <Mnlment.  It  docs  not 
readily  become  rancid  ;  it  is  absorbed  with  the  f;reate5t  ease ;  and  it  is  miscible 


The  most  important  preparations  are  marked  ^^ 
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wiib  twice  in  weight  of  water.     It  consists  muoly  of  choIcstertOK.  toother 
with  Home  folty  Kidi. 

IV.  Soft  Mineral  Fats. 

^*^Pttr9iatum  MoUt  (U.S.P.)  [ParaJHinum  AfotU,  RP,].— Jn>/»  /Vfr». 
/atum.'^  A  mixture  of  hydiucatboos  obtained  ftota  petroleum.  mcttiBg  be- 
tween 40*"  an<i  45**  ^ 

*Petr^atum  Album, — The  abore,  but  bleached  to  «  white  color. 

Ptlrolatum  S^UHm  (U.S.P.  J.— /Airi/  /V/'-o/o/mw.— Melting  beiween  45* 
and  51"  C. 

V'.  Substances  of  a  Waxy  Consistency, 

These  are  used  lo  increase  (he  aolidity  nf  oinlmenls  (a«  in  ceratet). 

CelxUfum  fU.S.P.,  BP.). — Spfrmauti.^K  solid  fatty  subtlMice  cibUiaed 
from  the  'i>enn  whale  (Phywier  mncrorrithalus).  It  caii«i»ts  mainly  of  a  con- 
hioation  of  Celylic  Alcohol  with  PaJmittc  And. 

Acidmm  Sttarienm  (U.S.P.).— 5/c<iw  Ad4,—^^,<Z^^\^^^.  tJraally  more 
at  les.«  impure  ;  obtiiined  by  decompcKing  tallow.  The  commrrda)  acid  mcUi 
at  56°  C. 

Ctra  Fiava  lU.SP.,  &.?.).—  »//'»  ^<"w<tjr.— Melts  at  63^  1064"  C 
"»  Cera  At^  tU.S.P..  'R.?.).—Bfrtfieit  BrtirntK.     Melts  at  6$*  C, 

Pnrafimum  Dnrnm  (D.P.),  —  PaniMn. — A  while  wa«y  suIhI,  a  tnixlui* 
of  solid  hydrocarbons  obtained  from  retroleum.  The  mclliog-poiol  lies  be- 
tween 43°  Slid  65*  C. 

VI.  Resins. 

TheK  Ufiuadly  coiiiaio  some  evicuttal  oiU,  and  therefore  act  as  mild  deraal 
inilanl-s.      They  •i^c  uieil  in  ccralr.'i  and  plutrrs. 

Kftina  (U.S.P,  B.P. )  —  A*i>j/«,  O-ivp^^y. — The  residue  left  afto  distil 
ling  the  volatile  oil  from  Turpentine. 

Pix  Biirgundica  lU.S.?.,  R.P.).— ^mi^aA  PiUh. — The  prepared  Uack 
rednous  exudation  of  Ahiei  rx«ha,  Conifertc.     Eurrjpe. 

Elmtua  (L*. S.P.I  \CaouUh(m(^  B.V.\— India -ntMfr,  CaomHJImtt  (his 
Robber).— The  prepared  juice  of  variouH  iipcri<'-^  of  Iln-ta^  Eupfaocbiactn. 
Tropical  countries.  Soluble  in  Chlorofonn.  <  arlxii  EiiMtlphid.  Turpcauae, 
Petroleum  Elher,  and   Benzol.     SwelU  in  cttier   witliuut  dissolving. 

Combined  with  lO^f  of  sulphur  by  heating,  il  girc*  truUttmtvi  rmJArr. 
with  SOjf,  ebooile. 

*  Gtittaptreka. — The  concrete  juice  of  OuhiJ'm  gHlta  and  oibcr  (»«»  U 
the  ume  order,  Sapotacea;.  South  America.  Propefflies  are  antUaf  lo  tbdoe 
of  Rubber. 


VII.  Compound  Emollient  Ointments  and  Ointment  Bases. 

Ungutntum  (U  S.P.)-— Lard  80.  \'e!!..w  Wax  20. 

^*,  Ungiuntttia  A<ju<t  Pos^  \\}  S.  P.,  H.P. ). — (Cold  Cream.) — SpenaacvtiJ 
White  Wax,  Ezpreued  Oil  of  Almond.  Rose  Water,  aitd  Sodium  Botsb 
Centum  (U  S.P  ).— White  Wax  30,  Lard  7a 

*  Rtiorlnn. — An  emulsion  of  .\lmottd  Oil,  Mid  to  be  very  rradilr  ah«ir 
,%  Ghetriium  AmyH  \  U  SP.,  B.  P. ).— Siaich  10,  Waier  to,  Cflyocfia  % 
Gfyef^m  VitfUi  (US  P.).— Yolk  of  egg  45.  Glycerin  55. 
Ceratum  Cttaui  (U.S.P.)  \^UngueHtum  Ouuti,  B!P.]. 

'  This  is  identical  with  the  commerdsl  prodoct  known  m  **  Vawlin  ' 

*Not  official. 

The  most  iroportoiU  preparations  aie  marlted  ,*«. 
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VIII.  Official  Plasters. 

(The  composition  is  that  of  the  U.S. P.  preparations.) 

Emplastrum:                                    Base:  MbDfCAL  Ingrbdibnt. 
AmmoHtaci  cum    Hydrat' 

£>'ro  (U.S.P.,  B.P.)    .    .  Ammoniac,  Lead  Plaster.  Mercury,  2oJ|p. 

Arnica    (U.S.P.)   .    .    .    .  Resin  Plaster.  Extr.  Arnica  Root, 

33%- 
»•»  BelladotttuB     (U.S.P., 

B.P.) Resin  and  Soap  Plaster.  Ale.  Extr.  Bellad. 

Leaves,  20^ 
<(»»Gi/flW(U.S.P.)   .   .    .  Resin  Plaster.  Oleoresin    Capsi- 

cum. 

Ftrri  (U.S.P.) Olive  Oil,  Burgundy  Pitch,     Ferric    Hydrate, 

and  Lead  Plaster.  9  % . 

Hydrargyri  {U.S.P.,  B.P.)  Lead  Plaster.  Mercury.  yi%. 

^^Cantharidisi^.V.)   .    .Yellow     Wax,     Lard,     and     Cantharides,  35%. 

Resin. 
^\  Ickthyocolla 

(Court  Plaster)     ....  Isinglass,    etc.,    spread    on 

taffeta  (used  as  adhesive). 
Opii  (U.S.P.,  B.P.)  .    .    .  Burgundy   Pitch   and    Lead     Extr.  Opii,  6%. 

Raster. 
^^  Picis  Burrundica 

(U.S.P.,  B.P.)     ....  Burgundy  Pitch,  Olive  Oil, 

and  Yellow  Wax. 
^^  Picis      Cantharidatutn 
(U.S.P.)  CaUfaciens 

(B.P.)       .....    .  Burgundy  Pitch.  Cantharides,  8%. 

^t%yV««^(U.S.P.,  B.P.) 

(Diachylon   Plaster)    .    .  A  soap  of  Lead  and  Olive 
Oil,  made  by  boiling  the 
latter  with  Lead  Oxid. 
Plumbi  Todidii^.V.)  .    .    .  Lead  Plaster.  Lead  lodid,  Io%. 

^*^  Resins  (U.S.P.,  B.P.) 

(Adhesive  Plaster)  .    .    .  Resin,    Lead    Plaster,    and 
Yellow  Wax. 
Saponis  (U.S.P.,  B.P.)  .    .  Soap  and  Lead  Plaster. 
Menthol  {^.Y.) Yellow  Wax  and  Resin.  Menthol,  155&. 

Liquor  Sodii  Silicatis  (Water-glass),  Calcii  Sulphas  (Plaster-of-Paris), 
and  Colhdi^m  (see  p.  69)  can  only  Ik  mentioned  in  this  place  as  mechanical 
supports  in  bandaging. 

IX.  Demulcents :  Oily  Seeds. 

These  contain  gum,  oil,  and  starch.  When  rubbed  with  water,  they  form 
natural  emulsions,  which  serve  especially  as  emollients.  For  internal  use 
they  are  taken  as  decoctions  ;  dose  ad  libitum. 

Amygdala  DuUis  (US.P.,  B.P.).— ^rw*-/  Almond.— 'Witt  seed  of  Prunus 
Amygdalui  var.  dulcis,  Rosaceas.     Cultivated. 

Emulsum  Amygdala  (U.S.P.,  6 :  tool  [B.P.,  12  :  loo]. 

Pulvis  Amygd.  Compositus  (B.F.)  contains  Acacia  and  Sugar. 

*  Cydonium. — Quince  Seed. — The  seed  of  Cydonia  Vulgaris,  Rosacex. 
Cultivated. 

^^Linum  (U.S.P.,  B.P.). — Linseed,  Flaxseed,  and    Linum  Coniusum 

•Not  official. 

The  most  important  preparations  are  marked  «*«. 
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(B,P.),  Crushed  Unwed, — The  seed  of  Z-tNum  usi'/afisstmHtn,  Linetc.  Cul- 
tivated.    'Hie  use  as  ixniltice  is  mciiiioncd  on  page  701. 

Htriiip  ^eA  and  mix-  sct-J  are  siniilutly  (iciimlcenl. 

bci-tis  and  tubers  nch  111  $(arcli  may  be  used  as  detnulcents  in  the  lona  of 
decocnon.     'llicv  ure  enumerated  under  nutrients. 


X.  Gums. 
(Gums  arc  insioluble  in  alcoltol!) 

^\/1cada  {V.S.V.)  [Acaaa  Ghihhii,  B.P.].~ C7«M-v4r<i^.  A  pinutiv 
exudntiun  from  Aiufta  Stnegal  and  oiliec  ipedcs,  Legnminonc.  Kofllvm 
Africa. 

AcaciaK  derired  from  other  species  have  simiUr  choracien  and  um&. 

Acacia  i^  JjiMjlublr  in  akobul,  lilcwly  but  ccmiplctrly  M>ltjhle  in  2  p«rUof 
wxtcr,  U)  u  thick,  mucitiiifiiious  insipid  hquid.     Tht&  shows  an  acid  rfOftif  ID 
Iilinu5,  and  is  precipitated  by  alcohol,  borax,  oc  metallic  salts. 
J*r<paratiain  : 

^^*»  AlueHttgo  y^rrtiiir  (U.S.P.,  B.P. ).  —  Prrjiared  by  wa5hit>g  and  dinotriif 
acada  in  2  pnits  of  cold  water  (US.  P.  I  [i;^  pait^,  D.P.].  L'»cd  in  maof 
pluinimcciiUc  piepanitiDii!>  as  cmuUifier,  cxcipicnt,  etc. 

»%  Afw/Mj  A..-iui<r  |l'  S.P.). — One  part  mucilage  to  3  parts  of  synip. 

'rragainnthn  (U,t>.P..  It.P.). —  rrn^afaH/k. — A  giinuny  exudatiaii  fam 
Attraj^aliii  j-umniifer  wii\  uOicr  species  Lcguminosx.  Western  Asia.  Swdb 
lo  a  gelntinous  ma^9  in  walcr,  without  dissolving. 

tUuci/agc   /Vrt^,j,-.mM,*- (U  S.P.,  B  P.I.— AS- 

Clyitriuum  Tra^manthtt  and  Puhis  Traga<atUka  Camfotitms  (B.P,). 


XI.  Demulcent  Herbs  and  Other  DemulcentB. 

All  these  can  b«  taken  in  decoction,  ad  libitum.  Tliey  contain  madkfi 
ai  dieir  niu!>l  important  ingredient. 

Althaa  (U.S.P.t.-~i1A)/-MMa//<np.— The  root  of  Altkaa  oficiHm/ii,  thl- 
vacex.    CuioTaied. 

Srru/>us  .-//M^o-  (U.S.P.).— 5  ^ . 

U/mns  (U.S.P.I.— .W/Arr  E/m  Bar*.— The  inner  hark  of  C'/mm  /mJhi. 
Utticaci^n:.     Nunli  America. 

Mucih^e  tV/«i/ (U.S. P.  1. — (>%  infuMon. 

OlycyrrhiM  (U.S.P.,  B.P.).— //V^«f/  /ftntt.Set  pace  <I9-  A»dnMV 
cent,  bt»t  as  *  SyrufNi  Olycyrrhiiir. 

O/rarM  lU.S  P-). — Ittland  Ahss. — See  page  1X6. 

CA,>H.frus  [U.S  P.).  — /Wj*  Afati.—Stc  page  n6.  

Sctisafras  AftdnNa  (U  S  P. ).— Jifwa/raj  /'ftf*.— The  pith  of  SmsMfm 
vtiriifolium^  Laurinex.     North  America. 

Mucilaga  Saitafrat  Mfdulhr. — z%. 

*  SfKiift  Pf<torahs,  'S.¥.—^Hre,tst  7«i.)— AllhfW,  Coltsfoot  Leaves,  Or 
cyrrhiza.  Anise,  Mullein  Flowers,  Orri»  RcKrt, 

Geiatinum  (R,  P). — An  nir-dried  product  of  the  oction  of  boiling  wafer  on 
gelatinous  ti<uue.  Soluble  in  hoi  water.  Suliilions  of  3%  ami  above  aoGaU* 
on  cooling.  Insoluble  in  alcohol.  AI»o  precipitated  bj  carbolic  acid  ;  ool  ^ 
dilute  solutions  of  inetatlic  uIlv 

/iMthyfleMi  (U.S-P.i. — Jiinf^his. — The  swimming  bladder  of  Adf»m*r 
Nhs-'  and  other  specieii,  Sturiuncs.  Caspian  and  Utack  Seas  Coiitaiftf^jt 
of  tJelatin. 

*  Nol  official.  

The  most  important  preparatioos  are  marked  «*^ 
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i(B)  SUMMARY  OF  THERAPEUTICS  OF  SKIN  DISEASES. 

I.  Peculiarities. — Dermatitis  presents  much  the  same 
general  phenomena  as  inflammation  in  other  situations, 
modified,  of  course,  by  local  conditions.  The  successive 
stages  of  typical  dermatitis  were  discussed  in  Chapter 
XXVIII,  A.  but  dermatites  are  characterized  by  a  great 
variety  of  forms.  These  de|>end,  in  the  first  place,  on  the 
existence,  in  the  anatomic  structure  of  the  skin,  of  sti'cral 
layers  of  anatomically  and  physiolojjically  distinct  tissues  : 
the  dry,  dead,  inipenetnible  stnitum  corneum ;  the  soft, 
moist,  epithelial  stratum  mucosum  ;  the  vascular  stratum 
papillarc  ;  the  dense  stratum  reticulare.  The  character  of 
the  inflammation  is  also  modified  by  the  presence  of  the 
giands^  sudorific  and  sebaceous,  which  of  course  differ  in 
cver>'  respect  from  the  surrounding  skin. 

f  B«ing  dnaid  of  the  protection  eiflbnied  by  the  stratum  comeiun,  tliejr  pre- 
wnt  a  ready  means  far  the  entmnce  of  infeciUm  nr  of  irritants.  The  acid 
character  of  their  secrelioa  also  serves  to  liberate  irritating  jnercdicnts  from 
otherwiBe  iaodiTc  cnmbination-i.  The  chnrader  of  ihr  vrrrclioii  iLwlf  may  he 
changed,  rcodering  it  irrimnl  or  otherw'ise  unplrasanl  ITic  oity  sco'ction 
rormed  by  the  setwceou^  glantU  ia  necessary  to  the  Ik-allhfiil  >lnte  <if  ilie  stnitum 
corneuni,  lo  thai  diKeatie't  of  the  glatnU  may  caii^e  •ti-^i^srs  of  itie  Mimiiinding 
skio  by  chains  in  their  secretioD,  ns  well  as  by  direct  continuity.  Toxic  sub- 
StoDCes  are  also  frequently  excreted  thruugh  these  glands,  and  give  ri»e  lo 
ioflaminalDry  phenomena. 

In  addition  to  these  physical  factors  in  skin  diseases,  the 
sufface  of  tJie  body  is  entlowed  with  a  very  rich  wcrrr  sup- 
ply, both  atTercnt  and  efferent.  The  cutaneous  vessels  seem 
to  be  under  the  special  control  of  the  vasomotor  center,  and 
changes  are  induced  in  them  ver)' readily.  In  this  way  skin 
dise.iscs  may  arise  from  centr.il  causes  throu;jh  trophic  dis- 
turbances, as  m  hcrf>cs,  or  more  acutely',  as  in  the  wheals 
of  urticaria,  which  are  due  to  an  acute  circumscribed 
edema.  Irritation  of  the  afferent  sensory  fibers  or  endings 
of  tlie  skin  is  peculiar  in  causing  the  sensation  of  itching 
rather  than  pain. 

n.  The  etiology  of  skin  diseases  is  yet  in  great  part 
imperfectly  imderstood.     So  far  we  know  as  causes : 

External  irritation — mechanical,  chcmic,  thermal,  etc. 

Bacterial  infection.     Other  vegetable  or  animal  parasites. 

Excretion  of  irritant  poisons. 

Nervous,  sensory,  vasomotor,  or  other  nutritive  changes. 

But  many  relations  of  skin  diseases  to  other  conditions, 
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as  recognized  clinically,  cannot  be  explained  by  any  of  Uic 
above  factors, 

lU.  Treatment. — In  default  of  a  real  insight  into  the 
etiology,  the  treatment  must  be  merely  empiriciil,  but  it  can 
be  carried  out  along  the  same  general  Imes  as  in  other 
inHammations.     It  may  be  systemic  ur  local. 

1.  The  systemic  treatment  is  especially  useful  in 
chronic  skin  diseases,  the  cause  of  which  is  especially  a]}t 
to  be  obscure.  General  hygicm-  is  of  the  greatest  impor* 
tancc  :  attention  to  digestion  and  the  bowels ;  diet  devoid 
of  irritants,  or  the  vasodilators,  as  alcohol ;  rest  or  exo'- 
cise,  etc.  The  maiicinai  traUmiut  will  consist,  in  the  fin* 
place,  in  tonics,  avoiding  those  which  contain  irritants,  as  the 
aromatic  bitters.  The  influciuc  of  arsenic  on  the  general 
circulation,  on  nutrition,  and  its  spcdal  action  on  the  skin, 
have  been  discussed  in  Chapter  XXVH.  These  tomes  are 
applicable  to  all  forms  of  skin  diseases. 

There  are  a  few  specifics,  such  as  mercurj-  against  the 
cutaneous  syphilides,  and  thyroid  against  myxedema. 

2.  The  local  treatment  is  precisely  on  the  same  princi- 
ples as  that  of  other  inflanimations  in  accessible  situations. 
In  general,  it  should  l>e  stimulant  (irritant)  in  chronic  cases, 
sedative  (enioljient)  in  acute. 

The  manner  of  action  of  emollients  is  discussed  in  the  pre- 
ceding section  of  this  chapter. 

The  most  useful  simple  irritants,  which  arc  at  the  same 
time  antistptif,  attach  themselves  to  the  aromatic  scries; 
the  various  essential  oils,  especially  the  empyrcumatic  pro- 
ducts, as  Tar,  Oil  of  Cade,  etc  ;  the  babams.  Copaiba,  Peru, 
Styrax,  etc. ;  more  \'iolent  are  Resorcin,  Pyrogallol,  Chr>-sar- 
obin,  Naphtol ;  Ichthyol  acts  more  deeply,  and  is  especially 
efTective  in  causing  the  absorption  of  inf1ammator>'  produ<l& 

Astringents  are  indicated  particularly  when  the  stratum 
comcum  is  wanting.  Zinc  Oxid  is  perhaps  the  most  x-alo* 
able.  If.  on  the  other  hand,  there  is  a  h\'pertrophy  of  the 
stratum  corneum.  this  can  be  removed  by  alkalies,  sulphide, 
or  salicylic  acid. 

The  above  are  more  especially  useful  when  the  inflam* 
mation  is  circumscribed.  If  a  more  exfr/tsiif  stimtUatiaK'^ 
required,  this  maj'  be  given  by  .<5alt  or  other  baths. 

If  the  sensory  phtuomma — itching,  etc. — are  more  promi- 
nent, local  anesthetics  may  be  employed,  one  of  the  most 
u.seful  being  carbolic  acid. 
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If  the  inflammation  is  due  to  par asiUs,  the  condition  calls 
Ifor  the  parasiticides  discussed  on  page  708. 

W^hen  drugs  arc  to  be  applied  to  the  skin  in  circumscribed 
situations,  this  is  best  done  by  using  them  in  tlie  form  of 
ointments,  unless  these  are  especially  contraindicated,  as 
when  the  drug  is  insoluble  in  oil  (alkalies  or  salts,  etc.),  or 
when  llie  oil  would  cause  a  spreading  of  the  inflammation, 
as  in  ivy -poisoning. 
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CHAPTER  XXXII. 

DRUGS   ACTING   UPON    NUTRITION. 

(A)  DIGESTIVE  FERMENTS. 
"When  the  importance  of  ferments  (enzymes)  in  digestion 
was  recognized,  the  thought  lay  near  at  hand  that  they 
would  be  useful  in  many  kinds  ^i  digestive  disorders. 
However,  much  skepticism  has  arisen  in  recent  }'ears  as  to 
the  benefits  claimed  as  the  result  of  their  internal  admin- 
ration.  Attention  is  called  to  the  fact  that  many  ferments 
specially  trjpsin — are  destroyed  by  the  pepsin.  It  is 
therefore  very  doubtful  whether  any  ferment  can  be  given 
which  will  act  beyond  the  stomach.  As  to  this  organ,  physi- 
ologists have  long  since  demonstrated  tliat  gastric  digestion 
is  relatively  unimportant.  The  symptoms  of  dyspepsia  are 
rather  due  to  irritation  than  to  deficient  digestion.  And 
whilst  there  is  no  doubt  but  that  the  secivtion  nf  f)ep.sin  may 
be  tleficient  in  certain  conditions,  it  is  by  no  means  proved 
that  this  is  the  case  in  the  diseases  in  which  such  deficiency 
is  ordinarily  assumed.  The  benefits  ascribed  to  pepsin 
should  perhaps  in  many  cases  be  credited  to  the  other 
remedies  which  are  joined  to  it.  Howe\er.  there  can  be  no 
doubt  that  pepsin  itself  is  beneficial  in  certain  cases ;  and  as 
its  administration  is  neither  dangerous  nor  unpleasant,  it 
may  be  tried.  When  the  gastric  juice  is  deficient  in  acid^ 
the  activity  of  pepsin  will  be  greatly  diminished.  The  ad- 
ministration of  acid  by  mouth  will  not  always  remedy  this 
Condition,  since  it  may  be  too  quickly  absorbed.  In  this 
case  Papain  may  be  preferred,  since  it  acts  in  all  media. 
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Unfortunately,  the  commercial  preparations  of  this  ferment 
differ  very  i^rcatly  in  tlicir  value,  and  often  do  not  possess 
any  digestive  property.  No  results  whatsoever  can  be 
looked  for  from  the  administration  of  the  pancreatic  fer- 
ments. 

Whilst  the  usefulness  of  ferments  on  internal  administra* 
tion  is  therefore  a  ver^'  limited  one.  the  case  is  quite  differ- 
ent with  in  vitro  digestion.  They  are  of  the  greatest  \^luc 
in  the  pn-paratioH  of  prcdigesh'd  food. 

Another  use  to  wliich  tlie  proteolytic  ferments  may  be 
put  is  the  solution  of  croupous  or  diphthfritu  numbranfs\g^ 
local  application. 

Ferments  have  never  been  isolated  in  pure  condition,  and 
opinions  vary  as  to  their  real  nature.  They  are,  however, 
probably  related  to  the  proteids.  As  broug^ht  ujxin  the 
market,  they  are  generally  quite  impure. 

The  following  are  the  most  important : 

I.  Proteolytic  Ferments. 

/V/d'nMM  lU  S.I' ,  R,P  ). — /V/j/w.— Obcaincd  from  the macoiu memhouK 
of  the  5toinact)  of  ihc  pig  (ur  sheep  or  calf,  B.P. ).  dk)Mble  uf  tUgcstiw  nol 
less  tlun  5000  partK  ot  congiilRtcd  egg-ailmincn  (U  S.K)  [2500  ptfts,  B.P.] 
when  (he  test  Is  nude  according  10  the  ufficUt  directton«. 

Variuus  prix-esses  are  used  in  its  uuuiufwrture.  'llie  pcmluct  nu/  be  ifl 
powder  or  scales.  It  is  *i>luble  in  water,  iDxaluble  id  aicohol,  etc  Av; 
0.3  to  1.0  Gm   (3  to  15  f^mins). 

Prfsin  t£v'//  {prattitalijf)  digett  tnly  in  art  acid  medium  (0.4. J(  HCI  is  iIm 
best). 
Prtparatiom  : 

^ ^  Pfptitmm  Siucharaium  {l}.S.P.).—Sof,Aartt/rd Pelvi'm. — CnntMai 
I  part  of  (he  above  pepsin,  triturated  with  g  parltt  of  sugsr  ct  mitt. 
It  shniild  digest  300  limes  its  weight  of  egg  albumen.  /Aim-.-ojui 
4.0  Gm.  (5  to  60  graina).  Combined  with  Ui^tauth  Subnttralc  u 
powder,  this  is  ooe  of  the  favurite  rentedies  in  tnfatiUle  dtArrhc*! 
*/,ifui>r  Pi'/>smi  (S.F.). — Pepsin  4.  Mydmchloric  Acid   i.i,  Glycoia 

32,  Water  to  loOt     Ddu:  4  to  8  c.c.  il  to  2  drachnu). 
•*•  f-i^utir  Pffinni  Aromalicm  (N.F.>. — Conlaint  X-T^^   Peprin«  If 
of  official  Hydrochloric  Acid  (  =  ?.^  5fe  nbviloie).  .AmmAtics  Gljrcerii, 
and  Water.     (Each  fluidrachm  ^  l  giniit  of  PtpMti. ) 
^^GlycerUum    Prfisiiti    |N  F..    B.P.)— S.5%     Pqwio.    t^    Hf*» 

chloric  Acid,  50%  each  Glycerin  and  Wal«r. 
*£tixir  Pffisim  (N.F. ).— 1.75%.      i'lnum  Pff^inH'H.T.  ). — I  J$!l- 
II  is  prubiiblc  ihal  (he  alcohol  in  ihc  la^  Iwo  prepanilina»  csaw*  •  pirfal 
detcriumtion  in  ihc  actinty  of  the  fennent. 

^*  ^  Pnttfreatinum  {U.S.K). — Panerealin.  A  mixture  of  femoenia  |aty<ieJ 

fimtn  pigs'  pancreas.     Occurs  as  a  dry  powder,  Mjlttblc  in  >*~Ala'.     iMie:  Ai 

to  1.0  Gm.  (5  (o  15  grains).     Digesti  \k->k  in  alkaline  solution  (1^  Sodnss 

Curbonate).  but  also  somewhat  in  a  very  weakly  acid  solution  (o  f^  HQ). 

Liquor  Pancreatij  (B.P.). — 2  cc.  should  dignl  So  c.c  of  milk. 

•  Not  officUl. 

The  most  important  peepanlions  are  morke'l  «*« 
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*Pa/HtiM  (PiifWii,  P/aHf  Pf/.u»), — A  prolpcjyiic  fcnncnl  from  thr  juice 
of  the  iwiripc  fniU  of  C.irita  Pa/^iya.  Duu  .■  O.  I  lu  o  5  Gm.  {Z  xo$  giaiai). 
For  sululiuti  uf  fnlsc  incmbnuicii,  lueil  in  5'«  solutuii.  Digc^U  iu  any  nmc- 
tion  of  nKtliuni- 

*jMgltK-in. — Th«r<)|-ird  And  powdered  memhrane  of  chicken' ft  cm  w.  Claimed 
lo  be  cj'pt-ciallj' useful  in  llit:  vuriilliiiy  <il"  [irtyiiaiKy  l^cst :  0,$  IJni.,  ime- 
half  hour  af^er  meals  followed  liy  30  c.c.  (t  uunce)  of  1*6  (oIKdal)  H>-dro- 
cfaloric  Acid. 

II.  Amylolytic  Ferments. 

Patttreatmum  (sec  above)  also  puSMrsscs  nii  amylalytic  ferment. 

^•,  Ettratfum  Malii. — Wlicii  piepured  al  a  low  leiiipciaUiie,  coutains  diiis> 
taw.  ll  may  be  U!.e«i  lo  aiiilicially  digest  starchy  fowls.  It  is  itself  ^cn'  rich 
io  carlfoliydratcs,  and  iiiny  W  u-^ed  ns  a  fiMd.  It  is  said  tu  itave  proteidf.  and 
ii  aIk)  Ktaniuchic.  Muny  liquid  malt  extracts  contain  alcohol,  wul  exhibit 
the  action  of  this  substance.     Dioitafr  itself  '\s  not  lued. 


(B)  SUMMARY  OF  THE  THERAPEUTICS  OF  DIGESTION. 

Notwithstantiing  the  splendid  work  whicli  has  been  done 
of  recent  years  in  the  investigation  of  the  dyspepsias,  the 
causes  of  these  conditions  are  still  ver\'  imperfectly  under- 
stood, and  the  treatment  is  essentially  symptomatic.  How- 
ever, if  carefully  carried  out.  the  removal  of  the  symptoms 
is  generally  followed  by  more  permanent  improvement 
The  most  important  measure  in  tins  respect  is  perhaps  a 
proper  ngtilathn  of  the  diet.  'Ihe  suhji^ct  of  dietetics  can- 
not be  entereti  into  in  this  treatise,  nor  can  any  rules  of 
general  applicability  be  laid  down.  An  intelligent  patient 
can  give  the  best  indicad<:>ns  as  to  the  diet  which  is  best 
adapted  to  his  particular  case,  and  if  this  is  adhered  to  for 
sufficient  time  improvement  usually  results. 

Any  attempt  at  a  rational  therapeutic  treatment  can  only 
be  based  upon  a  thorough  ph)-sical  and  chemic  examination 
of  the  existing  conditions ;  else  it  cannot  be  anything  but 
empirical  and  haphazard,  apt  to  do  more  mischief  than 
good.  When  the  p.ithnlagir  state  is  well  understood,  we 
may,  from  our  knowledge  of  the  physiology  of  digestion 
and  the  methods  by  which  this  may  be  modified,  arrive  at 
the  theoretic  indications  and  the  manner  in  which  these 
should  be  met.  Clinical  ob.servations  made  with  all  the 
aids  of  modern  science  are  as  yet  hardly  sufficiendy  numer- 
ous to  bear  out  these  theoretic  data. 

The  indications  are  as  follows : 

(A)  Gastritis,  Acute  or  Chronic. — r.  Retnoral  of  the 
irritant,  whetlier  toxic,  umii^ested  food,  or  toxic  products 

*NDt  oHicial. 

The  m<Ht  impoitanl  prvpanilioiis  are  marked  ^%. 
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arising  from  these.  These  indications  are  met  by  emptying 
tlie  stutnach.  In  acute  c>ises  tliis  may  be  dune  by  emetics, 
or  in  eitlier  acute  or  chronic  cases  by  lavage. 

3,  If  the  cause  lies  in  fcryiien/atiott,  the  lavage  should  be 
carried  out  in  weakly  antiseptic  and  acid  solutions.  Tlie 
antiseptics  niu.st.  oi  course,  be  devoid  of  marked  toxicity. 
Boric  acid,  salicjlic  acid,  or  salol  arc  well  adapted.  The 
aeidity  should  be  tliat  of  the  normal  gastric  juice,  or  about 
0.2^  HCl. 

^7.  FroteetioH  of  the  organs  against  irritation.  This  may 
be  done  by  tiettiiiUcnts.  Especially*  in  chronic  cases,  it  is 
best  to  employ  those  which  are  at  once  nutritive,  such  as 
milk  or  egys.  With  irritant  poisons  mucilage  or  oil  may 
be  more  effectual. 

/.  Physiologie  Rest. — This  may  be  secured  by  using  food 
with  tlie  minimum  of  indigestible  residue  and  the  maximtini 
of  nutritive  value  to  a  given  bulk.  It  should  be  as  free  as 
possible  from  large  j>articles,  and  it  may  be  necessar)*  to 
use  it  entirely  in  liquid  form.  In  some  cases  it  will  be 
necessary  to  have  the  food  largei\'  prcdigcsted. 

5.  In  the  chronic  form  a  mild  irritation  may  be  indicated. 
This  may  be  secured  by  carbonated  waters,  by  salts,  or  by 
the  gene?ral  group  of  stomachics — bitters,  light  alcoholic 
beverages,  etc. 

(B)  Hypersecretion  of  mucus  demands  lavage.  This  is 
rendered  more  efficient  if  a  small  quantit)'  of  alkali,  most 
usually  sodium  bicarbonate,  is  a<k]ed.  The  latter  is  fre- 
quently beneficial  even  without  lavage.  The  aUrttigtnts 
may  also  be  useful,  especially  bismutli  in  tlie  form  of  sub- 
nitrate. 

(C)  Anacidity  demands  acids.  Alkalies  tend  to  cause  an 
increase  in  the  secretion  of  acid  as  well  as  of  ferment,  and 
may  in  this  way  be  useful  if  the  anacidity  is  functional ;  tlicy 
are  worthy  of  trial.  Stomackics  act  in  the  same  manner, 
and  arc  iree  from  the  objection  of  the  neutralization  of  the 
add. 

Hyperacidity  causes  irritation,  and  should  be  removed 
b\'  a/ka/ies.  The  irritation  may  be  lessened  by  tlie  admin- 
istration of  demulcents  or  of  oils. 

(D)  Absence  of  Ferments. — The  ferments  were  suppowd 
to  be  lessened  rn  many  chronic  diseases,  as  chloroisis.  tuber- 
culosis, etc.  There  is  no  proof  for  this  belief,  and  they  are 
generally  much  less  subject  to  cliangc  than  tlie  acid-sccfr* 
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tion.  It  is  established  tiiat  tlicy  are  often  deficient  in  chronic 
gastritis,  in  carcinoma,  and  in  certain  ncnous  dyspepsias ; 
wlulst  they  are  increased  in  other  cases  of  the  latter  and  in 
ulcers.  However,  it  is  doubtful  whether  tlic  ferment  action 
of  the  stomach  is  very  important 

Deficiency  oi  pepsin  may  be  niift  by  the  iiitroduction  of 
the  artificially  prepared  ferment.  Notwithstanding  the 
doubts  wiiich  may  be  entertained  as  to  its  tlieorutic  indica^ 
tion,  it  appears  to  g^ive  clinical  results,  and  can  do  no 
harm.  Papain  has  the  advantage  of  digesting  in  all  media. 
The  advantages  of  ingluvin  are  perhaps  doubtful.  Pancre- 
atin  can  do  no  good,  since  it  is  destroyed  in  the  stomach. 

The  secretion  of  ferments  ma\'  be  stimulatefl  in  a  more 
rational  manner  b\'  stotntuhirs  or  tr/kaliiS. 

(E)  The  symptoms  of  dyspepsia  are  as  often  due  to 
motor  deficiencies  as  to  faulty  chemic  digestion.  The 
indications  in  this  condition  are  met  by  lavage ;  small 
amounts  of  food  Liken  at  fi-equent  but  ret;ular  intervals;  the 
prevention  of  fermentation  by  acids ;  the  application  of  cold 
and  electricity ;  the  administration  of  salts  or  nux  vomica. 

(F)  Many  cases  of  dyspepsia  arc  purely  nervous;  i.e., 
unconnected  with  any  pathologic  alteration.  In  these  cases 
the  education  of  the  patient  to  greater  confidence  Is  of  most 
importance.  Of  drugs,  caffein,  nux  vomica,  and  bromids 
are  variously  successful. 

Some  of  tlie  clinical  symptoms  may  become  sufficiently 
prominent  to  require  special  treatment.  PtJin  can  be  re- 
lieved by  heat,  or  if  necessarj'  by  narcotics  ;  ^^as  by  sodium 
bicarbonate  ;  anorexia  by  stoniacliics  ;  bad tastchy  aromatics 
(myrrh). 

Intestinal  digestion  setnis  to  require  no  special  aid 
unless  bacterial  processes  supervene,  when  a  purge  will  an- 
swer the  indication.  If.  however,  the  intestine  i.s  the  scat 
of  inflammation,  or  when  excessive  food  is  needed,  it  may 
be  well  to  lessen  its  labor  by  the  administration  of  pre- 
digested  foods. 

(C)  NUTRIENTS. 

Another  clus  of  diseaatcH  in  wliich  the  digc«.Hon  needs  special  attention  com- 
prises those  in  which  forced  mitrilion  is  indicnied.  Thew  require  care  not  to 
overtax  the  digestive  organs  an  object  which  may  be  lecured  by  the  proper 
seleclinn  of  llie  food  am)  by  nrtilicini  pn^lif^rMion.  The  iinSject  of  dietelict 
cantu)t  be  entered  inio  here  in  its  hygirnic  «*p<-cts,  hut  only  in  «>  far  ns  il  relates 
lo  therapeutics.  The  subject  of  infant  feeding  in  left  for  <ipeciiil  text-boolu. 
48 
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The  ueatmeot  of  ol>cki(y  and  diabetes  U  *Uu  stodietl  pccfenbly  in  caooccUoa 
with  tbcw  di&eaKs. 

lo  duciuoing  die  difiercDt.  kinls  o(  nulricDts,  we  will  follow  tbe  iimhI 
daiaificBtiiio  tnio  proteids,  Ikts,  Mnd  carbotiydrous ;  but  it  mu»t  be  tctDcni- 
bend  tbu  all  three  clauea  must  be  admiDistcrcd  lo  secure  the  requrred  object. 


I.  Proteids. — Of  the  various  meats*  young  lean  bed"  is 
in  most  cases  tiic  most  easily  digesteti.  The  white  meat 
of  fowl  enjoys  a  special  reputation,  and  whilst  most  clini- 
cians support  this,  no  chemic  differences  between  it  and  the 
dark  meat  have  yet  been  demonstrated.  Cooking  in  any 
form,  while  it  lessens  the  digcstibilit>'  in  vifro,  develops 
aromatic  products  which  act  as  stomacliics.  Rmv  mtat^ 
finely  scraped,  is  ver}*  highly  nutritious  and  easily  digested. 
It  is  usually  flavored  with  a  little  scraped  onion,  saJt.  etc 
Care  must  be  taken,  of  course,  that  it  does  not  contain  para- 
sites. It  has  been  claimed  that  dogs  fed  on  raw  meat  re^it 
tuberculous  infection  bt-tter  than  ordinar)'  animals. 

Of  the  concentrated  meat  preparations,  the  ordinary 
extracts,  maiie  niter  the  type  of  LUhig's,  jxisscss  no  nutria 
tivc  value,  and  act  only  as  stimidants.  Meat  Juices  pre- 
pared without  heat  are  more  digestible  than  the  whole 
meat,  because  they  are  devoid  of  the  fiber ;  however,  they 
are  \ct\  expensive. 

Opinions  have  varied  .'is  to  the  value  of  predijrcsted 
foods,  iitbumosos,  etc.  It  seems  certain,  however,  that  if 
properly  prepared  they  do  have  a  ^ledal  nutritt^'C  value, 
since  they  contain  a  large  amount  of  proteid  material  and 
throw  less  labor  on  tlie  digestive  organs.  The  principal 
difficulty  in  their  administration  is  that  the  commerctil 
products  of  "peptones"  (which  are  really  albunioscs)  pos- 
sess a  disagreeable,  bitter  taste,  and  patients  soon  refuse  to 
take  them.  This  taste,  which  is  mainly  due  to  putre&ctive 
changes,  can  be  avoided  by  having  them  freshly  prepared 
in  the  house  of  tlie  patient  by  tlie  methods  given  below- 
Thcy  can  then  be  flavored  with  tlie  usual  cnndiments,  the 
addition  of  a  little  meat  extract  being  especially  useful  Tlie 
so-called  "liquid  peptone"  preparations,  etc..  as  found  on 
the  market,  contain  so  small  a  proportion  of  proteid  that 
they  cannot  act  as  nutrients  in  the  amounts  usually  taken, 
but  only  as  stimulants. 

The  predigcstcd  preparations  6nd  an  impoftsnt  use  in 
rectal  alimentation. 

GtHtral  Rtdfsfor  tht  BnpartUion  of  Predigtsted  Foods  i 
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f  >f//  Kinds, — The  meat  should  be  lean  and  finely  hashed. 
Starch  should  be  boiled.  The  mixture  is  brought  to  about 
blood  heat,  tiic  feinietit  added,  uud  the  heating  continued  at 
tins  temjjcrature  for  one-lialf  hour  (milk),  or  two  or  three 
hours  (meat). 

Pepsin  is  tlie  most  useful  ferment  for  the  digestion  of 
meat ;  pancreatin  is  somewhat  more  active,  but  carries  tlie 
dijrcstion  to  the  unutili/^ible  leucin,  etc.  Pancreatin  is 
especially  useful  for  milk,  since  it  also  contains  a  ferment 
acting  on  carbohydrates.  The  curdling  of  milk  may  be 
accomplished  by  rennet.  Diastase  in  the  form  of  extract 
of  malt,  prepared  at  a  low  temperature,  is  most  useful  for 
the  digestion  of  starch. 

The  quantity  of  ferment  lo  be  employed  and  the  reaction 
&f  thi  nudium  are  as  follows,  usin^  the  United  States  Phar- 
macopceial  preparations  : 

Pancreatin,  Mi/k :  For  i  pint  take  5  grains  pancreatin 
and  20  grains  sodium  carbonate. 

Kennet,  MUk  :  For  i  pitit  take  ^  drachm  Liquor  Seripa- 
rus.  N.F. 

Pepsin,  Meat:  For  1  pound  take  3  pints  w»-iter,  2  drachms 
pepsin,  I  ounce  dilute  HCl,  U.S.P.  Flavor  witli  meat  ex- 
tract. 

Eres  present  proteids  in  a  ver>'  digestible  form,  especi- 
ally when  soft  boiled.  They  have  the  disadvantage  that 
they  soon  become  tiresome.  Milk  contains  not  ordy  pro- 
teids. but  al.so  carhohydtatus  ami  faLs.  It  also  quickly 
bccnnics  tiresome  to  adults,  and.  further,  it  has  a  tendency 
to  produce  constipation.  The  former  objection  may  be 
obviated  by  giving  it  in  diflcrcnl  fornis,  such  as  curd  pro- 
duced by  rennet,  as  koumiss,  etc.  The  protcid  of  milk — 
cheese — is  very  rich  in  a.ssimilabie  nitrogen,  but  it  is  often 
not  very  digestible. 

The  proteids  of  vegetables  are  less  easily  assimilable 
than  those  of  animal  origin.  They  require  ven.*  thorough 
c»x)king.  Legumes  are  liable  to  give  rise  to  flatulence  and 
diarrhea,  through  bacterial  decomposition  of  their  carbo- 
hydrate constituents. 

Oelatin,  althougit  not  a  true  proteid,  contains  a  large 
percL-ntage  of  nitrogen,  and  it  may  replace  the  protcid  con- 
stituents of  the  food  to  some  extent  (as  usually  given,  by 
about  25^).  but  not  entirely.     It  is  easily  digested. 

2.  Fats. — Fats  are  the  most  extensive  source  of  energy, 
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and  they  may  to  a  ceitain  degree  save  proteids.  Thc>*  are 
especially  useful  in  conditions  of  emaciation,  such  as  arc 
found  in  tuberculosis,  etc. 

The  dii^cstioa  of  fats  in  large  amounts  presents  consider- 
able difficulty.  Since  they  are  practically  insoluble,  it  is 
evident  tliat  tlicir  absorption  will  lie  largely  faciUtated  by 
havinjj  them  in  ver>'  fine  subdivision  ;  in  other  words  by 
emulsification.  This  emulsification  is  very  greatly  favored 
by  the  presence  of  free  fatty  acids,  which  can  form  soaps 
with  the  sodium  carbonate  of  the  intestinal  fluid  ;  these 
soaps  act  as  emulsifiers. 

The  digestibility  of  the  different  fats  is  therefore  generally 
proportionate  to  tlie  amount  of  free  fatty  acid  conLained  in 
them.  This  is  probably  the  explanation  of  the  almost 
specific  action  of  cod-liver  oil.  This  oil  also  contains 
small  quantities  of  ptomain-alkaloids,  as  well  as  someiodin 
and  phosphorus,  but  in  quantities  too  small  to  justify  us  in 
attributing  to  them  any  of  the  actions.  It  is  best  given  in 
the  form  of  emulsion,  because  in  this  the  fat  is  already  sub- 
divided, and  because  it  makes  possible  the  flavoring  of  the 
preparations. 

An  arti6cial  substitute  for  cod-liver  oil  has  been  made  by 
adding  l  part  of  oleic  acid  to  6  parb;  of  olive  oil  {/ipanin). 
This  shares  some  of  the  qualities,  but  on  the  whole  is  not 
as  efficient  So-called  tasteless  pre ftaratiotts  of  cod-liver  oil. 
said  to  contain  its  valuable  alkaloids,  must  be  considered 
worthless  as  nutrients. 

EntHhio'ts  of  fietro/fum  have  also  been  introduced  to.  oatrientf,  bal  an 
entirely  unabftorbable  and  without  action,  except  ag  intestinal  coK^licnls. 

Butter  is  also  very  digestible,  since  the  globules  of  fat 

which  form  it  are  in  a  state  of  fine  subdivision.  This,  of 
course,  does  not  hold  trueof  butter  which  has  Ijcen  melted, 
and  which  is  no  more  digestible  than  other  melted  fats. 

The  least  digestible  of  fats  is  the  fatty  tissue  in  which  tlie 
cells  are  intact,  such  as  bacon,  etc.  However,  a  healthy 
individual  is  able  to  digest  perfectly  moderate  amounts  of 
any  fat  The  differences  become  important  only  when  \tt\* 
large  quantities  must  be  taken,  or  when  the  digestion  is 
deranged. 

3,  Carbohydrates. — These  arc  also  useful  as  sources  of 
energy  and  possibly  for  the  formation  of  fat  They  cannot 
however,  save  proteids  as  efficiently  as  tlie  direct  addition 
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of  fat  to  tlic  diet.  Carbohydrates  may  be  given  In  the  form 
of  starch  or  sugar.  Hoth  arc  for  the  most  part  converted 
into  glucose  before  being  absorbed.  The  digestion  presents 
considerable  difficulty  in  the  case  of  raw  starch,  so  that  a 

■  tliorough  boiling  is  essential.  The  finer  starches  (arrow- 
Vroot,  tapioca,  sago,  salcp,  etc.)  used    for  invaUds   po.sscss 

mainly  the  advantage  of  a  finer  flavor.  Tlie  starches  of 
tlic  leguminous  plants  arc  not  so  easily  digested  as  those  of 
the  cereals.  Starches  may  also  be  predigested  by  malting. 
Such  preparations  foutid  on  tlie  market  ;us  "  malted  footis^* 
are  superior  to  glucose  or  cane-sugar  by  causing  less  gas- 

■  trie  irritation. 

H  Decoctions  made  from  Irtsh  and  IcdanH  moss  also  serve 
Hto  some  extent  a.s  nutrients,  but  the  gums  of  which  they  are 

■  constituted  do  not  digest  very  readily.  Glycerin  also  aids 
Bin  saving  the  protcids  to  a  small  extent,  but  would  not  be 
B-givcn  as  food.  The  rules  for  alcohol  have  been  discussed 
H  on  page  426. 

I      4*   III  certain  conditions  it  becomes  necessary  to  avoid 
alimentation  by  the  mouth  entirely.      Recourse  must  then 

■  be  had  to  rectal  feeding.  The  mucous  membrane  of  the 
rectum  has  considerable  power  of  absorption  even  for  un- 
digested foods.  This,  however,  is  not  sufficient  to  support 
the  organism  for  a  great  U-ngth  of  time,  varj'ing  with  the 
previous  condition  of  the  patient,  especially  as  regards  adi- 

■  posc  tissue.  Protcids  ai\d  carbohydrates  are  practically  the 
only  forms  of  food  which  can  be  given  in  i\\\F.  manner  to 
advanUge.  The  food  is  introduced  into  tlie  rectum  in  the 
form  ofencmata. 
H  These  must  be  made  as  non-irritant  as  possible ;  i.  e*.,  they 
must  not  be  too  concentrated,  and  must  be  used  in  small 
quantities,  of  i  to  3  ounces  at  each  injection.  The  constitu- 
ents must  of  course  all  be  in  the  liquid  form,  and  it  is  of 
I  considerable  advantage  to  have  them  predigested. 
Subcutaneous  feeding — alimentation  by  subcutaneous 
injections — has  also  been  attempted.  This  is  impracticable 
for  protcids  and  carboliyd  rates,  for  their  injection  causes  a 
nephritis  if  they  are  used  for  some  time.      Nor  are  they  of 

•  any  use  as  nutrients,  for  while  they  are  burned  in  the  or- 
ganism, they  do  not  seem  to  .save  any  other  constituents, 
and  animals  die  even  more  quickly  than  when  simply  starved. 
Oii,  however,  can  be  very  well  given  by  tliis  method ;  10 
[to  100  Gm.  per  day  of  olive  oil  being  slowly  injected  into 
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the  subcutaneous  tissues  with  the  same  technique  as  is  used 
for  the  injection  of  antitoxic  scrums. 

MATERIA  MEDICA. 

Oleum  Morrbuc  (U.S. P..  B.l'.)  {Olmm  Jrtoris  AselU).-^C»d'ih>tr  Oit. 
— A  tixcU  <n1  fruni  l)ic  frchli  livers  of  Gatius  Ahrrkua  and  oUitrr  yeocK  PInck 

Bc>irlc5  (he  ordinary  conslituctits  nf  aniaul  fals.  it  contmins  a  lar^  profMX- 
tion  iif  frre  fally  acids  \  il  also  conlainn  biliary  coaslitucots  and  Uaccs  of  »A». 
and  plKnpliurus  and  ptomoiti-s  the  quantity  of  the  latter  varying  vilb  the 
that  the  livers  have  tain  befon:'  the  extraction  of  the  oil. 

Dost :  8  to  15  c.c.  |2  tu  4  drachms),  best  girea  in  enulston. 

Slarchea  (see  [>p.  il6  and  1171. 

Amylum  (U.S.P.,  B.r.j.— From  the  seed  of  Z*a  Majn  (todUn  Cgnji 
GramiitiMr. 

'I'tic  ^inrthc:^  known  as  airuwiuutt  s^o*  etc.,  hsvc  a  more  delicate  flaw, 
and  ate  often  preferred. 


<D)  GENERAL  TONICS  AND  ALTERATrVES. 

These  terms  are   used   very   loosely.     Tliey   relate 
purely  clinical  phenomena,  w  ithout  taking  into  account  die 
undcrl>'ing  action.     As  therapeutic  groups,  therefore,  ihq' 
include  a  very  heterogeneous  collection  of  remediea. 

Tofiics  are  defined  as  remedies  which  improve  the  general 
health,  vigor,  and  energy  of  the  patient ;  Alttratwcs,  as  tlioK 
which  alter  mctalx)lism.  The  latter  are  usually  emplojed 
for  the  production  of  tonic  effects. 

Tonics  and  Alterativesi  are  found  generally  useful  in  »11 
conditions  in  which  there  is  fault)'  nutrition.  Thii  may 
arise  from  faults  of  diet  or  digestion  ;  from  excessive  or  in- 
sufficient use  of  tissue ;  from  faulty  oxidation  or  excretion  o( 
waste-products  ;  or  from  other  perversions  of  metabolism  not 
at  present  understood.  Such  conditions  occur  almost  invari- 
ably in  tlie  course  of  chronic  disease  or  poisoning.  1p 
other  words,  whenever  one  or  more  organs  are  prevented 
from  fulfilling  their  function  in  a  normal  manner,  the  nutri- 
tion of  the  whole  body  suffers,  and  the  phenomena  of  gen- 
eral lassitude,  want  of  enei^y,  nervousness,  ncurastbenia. 
etc..  make  their  appearance. 

When  the  underlying  cause  can  be  discovered  and  re- 
moved, this  will  also  remove  the  symptoms.  Hut  in  many 
ca.ses  this  is  impossible,  anil  the  conditions  must  be  tnrJted 
symptomaticaJly.  Certain  tonic  measures  are  then  alw3)*3 
indicated  and  of  benefit :  Diet,  attention  to  the  stomach  and 
intestine,  stomachics  and  nutrients,  hygiene,  cx'crcisc,  or  rest, 
baths,  climate.     Certain   "  nerve-tonics  "  arc  also  genenllf 
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useful.  These  are  drugs  which  increase  the  irritability  of 
the  spinal  cord,  and  hence  the  reflex  tone,  which  is  usually 
low  in  these  conditions.  Stychnin  is  tiic  most  typical  of 
this  class. 

When  the  cachexia  is  more  profound. — as  tn  tuberculosis, 
tumors,  anemias,  in  the  "  dyscratic  diseases," — these  tonics 
will  scarcely  he  sufficient,  although  always  useful.  Recourse 
is  then  had  to  alteratives. 

'I'he  value  of  this  class  of  drugs  was  established  empiri- 
cally, and  was  at  first  considered  more  than  doubtful,  when 
the  critical  spirit  of  rational  therapeutics  subjected  them  to 
scientific  inquiry.  Direct  experiments  intended  to  demon- 
strate their  action  upon  metabolism  yave  very  inconstant 
results,  nor  were  the  clinical  data  at  all  uniform.  However, 
experience  speaks  so  stronj^ly  wi  their  favor  that  modem 
pharmacologists  and  clinicians  all  acknt)\vledge  their  miction. 

The  inconsUnt  results  are  not  surprising.  Indeed,  we  know  much  less 
■boul  ihcir  acttun  thou  is  gcQcrally  supposed.  When  we  stop  to  consiUer  that 
even  ill  mctabolism-cxpcTtcncnls  on  nnimals  nt  IcxM  three  factors  are  involved, 
— obMrption.  nirtabolttm,  and  pxcrction, — and  that  each  of  these  will  be  modi- 
fied hy  a  number  of  sidc-iKliun»,  it  will  be  pUiu  thnt  the  results  will  not 
be  easy  to  inierprcl.  A  ronsutiaiioTi  of  the  originiil  litrniliirr  impresses  one 
with  the  fact  that  the  increase  or  decreaM:  of  nitrogen  excrciion  noted  va  most 
experiments  and  i^uoied  as  deciKive  in  must  text-bookit  on  lheni])culics  ^^  m> 
sumll  as  to  fall  wilhin  the  iialami  Tanation.%,  and  may  he  purely  accidental. 
Indeed,  the  number  of  drugs  of  whose  effect  on  metKboliMii  wecnti  feel  cer- 
tain is  growing  Ies6  and  les>.  Not  are  we  any  better  ufT  in  regard  to  tlie  dis* 
turbojice  of  metaboliam  in  the  diseases  themMrlvei.  [n  such  disea!««  v>  KUnry, 
gout,  diabetes,  phihiMs,  chlorosis,  an<i  carcinoma,  where  there  is  undmibtedly 
marked  nutritive  derangement,  tiic  study  of  ihc  inctaboHiini  by  our  present 
nietbodft  present*  no  Milking  peculiarities.  The  fact  of  the  matter  is,  that  the 
exunination  of  Ihr  end  pcottucis  givei;  ns  bul  very  little  indicatiou  of  what 
reftlly  occur*  in  nielBboiism,  ond  yields  but  very  litilc  insight  into  what  a(>pear 
to  l>e  iome  of  its  most  important  phase*.  We  may  conceive,  for  inaiancc,  that 
the  amounl  of  N  absorbed  and  excreted  is  i|uiie  normal,  bul  that  in  its  di$as- 
sitnitation,  ibe  molecule  fails  to  pass  through  sottte  particular  stage  necessary 
to  the  organ)5m. 

The  phamiacolngitit  may  pre<lict  that  for  certain  reasons  a  certain  poiMHi  ts 
bound  to  produce  wwc  modilicntJon  in  tissue  change.  The  cliaician  may  record 
that  it  is  benelicial  in  a  certain  proportion  of  cachectic  disensr  of  a  certain  type. 
Itut  as  long  a&  the  former  cannot  pmtici  the  nature  of  the  change  in  all  its  phases, 
nor  the  tatter  explain  the  nature  of  the  condition  which  he  nnds  benefited,  so 
long  will  a  rational  application  of  ultrnlireh  be  impi#.«tblc.  They  must  be 
iriefl  empirically  in  every  C3L<ie,  one  after  the  other.  Uwd  in  this  way,  they 
arc  often  very  serviceable. 

The  principal  exceptions  to  this  empiricism  are  the  bene- 
fits of  thyroid  in  tliyroid  disease  and  in  obesity;  of  ovarian 
substance  in  post-climacteric  conditions;  and  possibly  those 
of  mercury  in  s>'philis. 
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From  a  pharmacologic  standpoint  we  may  conceive  the 
action  of  these  substances  on  the  cells  as  being  due  to : 

1.  Irritation  as  molecular  foreign  bodies  (neutral  salts, 
especially  iodids;  alcohol). 

2.  Change  of  reaction  of  tissues  (adds  or  alkalies). 

3.  Direct  diminution  of  oxidative  changes  (P,  As)  or  N 
metabolism  (quinin). 

4.  Substitution  of  their  own  molecules  for  those  of  the 
tissues  (alcohol,  fats). 

The  numerous  vegetable  alteratives  are  either  entirely 
inactive  or  owe  their  action  to  the  presence  of  bitter  or 
cathartic  principles,  and  are  discussed  in  those  groups. 


PART  III. 

PRACTICAL  EXERCISES. 


CHAPTER  XXXIII. 

WORK  IN  CHEMISTRY. 

This  work  should  be  done  by  every  student  individually. 

LIST  OF  REAGENTS. 

The  following  will  be  found  convenient  on  the  shelves  of 

le  working  tables  near  each  student     Others  can  be  given 

ut  as  needed. 

HjSO^,  cone.  c.  p. 

HQ,  cone.  C  P. 

Alcohol,  gs%- 

K,Cr,0„  saturated  (about3>^  ^). 

Pb(C,H,0,)„  lo^.  Nonnal  Salt. 

Ba(OH)„  saturated.  Bromin  Water. 

AgNO,,  1%.  Glycerin. 

KI,  3%.  Na,C0„5^. 

K.     Ferrocyanid,  5%.  KI  +  Hgl,.> 

K.     Ferricyanid,  SJfe.  Ca(OH),. 

HgCl,,  1%.  Ether. 

BaCl,,  lo^.  Chloroform. 

FeSOj,  $ji>.  Magnesia  Mixture.' 

CuSO.,  5^. 

HCjHjO,,  5%.  Litmus  Paper. 

Picric  Acid,  saturated.  NaCl,  crystals,  powdered. 

NaOH,  IOJ6.  MgSO„  powdered. 

NHj,  5%.  (NHJ,SO„  powdered. 

HCl,  s%-  Na,SO.,  powdered. 

HNOj,  cone.  C  P. 

I  +  KI,  i%L 

H,SO„  5%. 

Fe,Cl,,  Tincture. 

Ol.  Olivse  or  Gossypii. 

'  Poiassio' Mercuric  lodid  {Mayer*s  Reagenf)  : 

HgCI, 13.55  Gm. 

KI 49.8    Gm. 

Water q.  s.    i       Liter, 

"  Magnesia  Mixture  : 

MgSO.    Crystals I 

NH.Cf  I 

NH,{io^) 4 

Water 8 
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EXPHRIMENT  I. 
INCOMPATIBILITIES. 
Explain  the  changes  which  occur  (see  pp.  91  to  94). 
Unless  otherwise  stated,  use  the  solutions,  and  niakc  rcac* 
tions  in  a  test-tube. 

I.  Add  to  ■  crTstal  of  Oironric  Acid  in  *  capsule  «  small  drop  of  Gly- 
cerin: Brown  colot.  Heat:  n  »iiutll  exploaiou  or  ddlagraticm.  Add  •  fe> 
drops  uf  water  :  (Jrccn  colar.  i,  Eiid-rcactiDn :  1400^  -r  3C^I»C\  =:  l^^ify 
-f  9CO,  +  iiH,0,) 

1.  KjCr^U,  -f  Akuhol ;  no  change.  (TheTe  ta»j  be  a  slight  predpitHtc, 
whkb  rtslmulvcs  if  a  lilile  water  is  added.)  -f  Cone.  1]^(\.  Gteeo 
color,  and  evolution  o(  gas. 

iK,Cr^O,  +  Hj-SO.  ^  aCiO,  +  K^,  +  H,0. 
460,  4-  C,1I/J  =  2Ct,0,  -r  2CO,  -f3",0» 

3.  Cone.  ilCl  +  dr>-  KGO,  +  heal :  Evolutioa  of  Cblorin  Gm:  \iifd 

turns  golden  or  canary  color. 

(jHCI  +  KGO,  =  KCI  +  CIO,  +  O  -*-  Hfi.) 

4.  FcSO^  +  (a)  NaOH  =  Green  precipiisie. 

(b)  Na,CO,  —  Green  prenpitnlc. 

(c)  K.     Oxftlale  (letsland)  -  VellowUh-wiiiiepndptale. 

(d)  Xn.     Borate  (lei  stand)  :=  (rreetii^h  prcvtpitaic 
(ei  Na,HP<.i^  =  Grayish-white  prropitiile. 

(f )  T&noin  =:  Dork  blue. 

Ig)  Infasion  Utjc  Vni  =  Dark  bliujdi-gtcen. 

(h)  Infusion  Cinchona  :=  Dark  green. 

5.  Fe,CI,  +  ( i )  Gelttlin  =  White  precipitate. 

( j  )  Albumin  =  \\Tiiie  precipitate, 
(k)  Acacia  =  Brvwn  gelatinous  precipitate. 
(I )  Sodium  Salicytalc  =  Kcddi.sh-pur|>lc  culor. 
(p)  Cartmltc  Acid  ^  Rluish-nolrt  calur. 
&   CuSOf-f-  (a)   —  Dlue  precipitate. 

(b)  :=;  niuish-whilc  precipiute. 
(j  )  =  niuihh-whiic  precipitate. 
7.  Pb(C5H,0,(,  -(-   ( j  J  =  White  precipitate. 

(m)  NaCl  —  Wliite  fHecipiute. 
(  n)  KBr  =  White  precipilale. 
(  o)  Xa,SO,  =  White  |)recipitale. 
TiocUira  Opii  ■=^  Brown  precipitate. 
B,  MflfiO. -f-  (a),  (b)  —  White  prrcipilalc 
9,  CfttOH),  +  (c),  (e)  =  While  prrcipitalc. 
lo,   IlgClj  4-  fq)  Ca(OH ),  ^^  Vellow  to  brown  precipitate. 

Ir)  Fe.S<\  4-  heat  =  B)nc:kt»h  brown  ptvcipitale. 

{$)  KI :  when  red  precipitate  forms,  add  mort  Kl.  to^ 

sltoald  rediswilv-e. 
( j  )  =  While  precipitaie. 
tr,  AgN'O,  as  (7). 

ri.  H.O  to  Tindare  Guaiac  >    _  «.n.:,«  ™„:«;^,* 
hIo  to  Spina  Camphor    }  ==  ^^'"^  pr«ipil.te. 
H,0  to  Tincture  Cinchona  =  Brown  jnTctpilate. 
>3-  (i)  ")'*i  +  KI  (let  stand)  =Ycl!owi4hbrown  color. 

(4H,0,  4-  3KI  =  KIO,  +  21  +  2KOH  +  3H^.) 
(3>  KI  +  KCXO,  +  HO  (he»l)  =  Br«wnisb  colnr. 
(KI  +  KCIO,  +  2HU  ^  3KCI  +  DO,  -j-  H.O  +  I) 
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14.  Saturated  solution  Quinio  Sulphate  -|-  (a),  (b),  (r)  ;=  White  precipitate. 

(t)  +  lodin  solution  (I  4-  KI)  =;  Brown  precipitate, 
(u)  4-  Picric  Add  =  Yellow  precipitate. 
(t)  +  Pot.  Merc.  lodid  =  White  precipiute. 

15.  1 :  100  Strychnin  Sulph.  +  saturated  KBr  (let  stand)  =  Precipitate  of 

crystal  needles. 

16.  Alcohol  -j-  (i),  (j),  (k)  =  White  precipitate. 

Alcohol  -j-  saturated  solution  NaCl  :=  White  precipitate.    Add  water, 
Redissolves. 

17.  Tannin  +  Gelatin  =  Qreenish-yellow  preci[Htate. 
Chloral  +  NaOH  :  Odor  of  Chloroform. 

(C,HC1,0  +  NaOH  =  NaCHO,  +  CHCl,.) 

Put  up  the  following  prescriptions.     Explain  the  changes 
which  occur. 

18.  B-     KCtO, '  1    '^   P"'    "P    without    heating,    no 

Glycerin!      3  [      change  will  otxur,  illustrating  the 

Tr.  Ferri  Chlor.  ...if       possibility  of  mixing  certain  ex- 
Aquse lo  J        plosives  in  solution, 

19*  B-     OI.Gos^ 2  1  The  alcohol   will    precipitate   the 

Acaciae  Fv i    (-       acaoia,  and  so   break  the  emul- 

Aquse 4  J       sion. 

Ft,  emuU. 

Add  alcohol :  the  solution  will  "crack." 


ao.  B .     Ac.  Carbol.  Liq.    .  gtt  20. 

Aqtue locc. 

Fl  solution, 

(How  can  this  be  brought  into  solution?) 

II.  B-     Ac.  Sulphur.  Dil.  gtt.  30.  )  Evolution  of  CO,  and  precipitation 
Mist.  Creta  .    .      10  c.c.    J       erf  CaSO^. 

sa.  B  •     Tincturae  Ferri  Chlor  . 


Tincturae  Ferri  Chlor  .  1  ^„     ...  -  -»  . 

Tincture  Cinchona  J"  Gw^'sh-bmwn  preapitate. 

23.  B-     Solution.  Quinin.  Bi.sulph.  \ 

Solution.  Sodii  Salicyl.  |>  White  precipitate. 

U  partes  xquales.  j 

24.  B-     Solution.  Strych.  S.  "t  ,,,1,..  ^,,.  .  ..  . 

Solution.  Pot.  iodid,  ;  ^^*"*^  crystalline  preapitate. 

25.  B-     Bism.  Subcarb.    .    .    .     I  1  e>     1  .■         ,  ^,-, 

Uquor.  Pcpsini   ...  10  }  Evolution  of  CO,. 

26.  B.     Solution.  HgCl,  \  v  a         ■    ) 

Solution.  KI  I  *^"^,PT^'"   [  Brownish  precipitate. 
Tinctbne  Cinchona.  P'"*'^       J 

27.  B-     Solution.  AgNOj  1  White     precipitate     on     standing, 

Aqua  Font.  /      darkening  in  the  light. 

28.  B.     Solution.  KI 


Solution.  KI  It,  j      , 

Spirit,  ^th.  Nitr.  }  Brown-red  color. 


29.  B.     NaCI    .... 

A(]ua 5    [■  Brown  precipitate. 

TiDctura  Cinchona 
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EXPERIMENT  II. 
KMl     ALKAUMDS,    OLUCOSIDS.     AVI>     SIMIUE 

VKDeartEs  is  orgamc  mixtukks. 


be  orncd  on  saaiultancously  uitli  the  foltov 

It  is  w|yuwU  for  simplidt}'  tliat  the  mass  contains  bsl 
OttC  adwe  sttfaotMfece.  If  there  are  several,  the  method  of 
{wm.niMC  bcmaats  more  complicated.  In  a  regular  to»- 
cv4i]^«c  jmlyas,  c\m>-  extraction  is  repeated  as  Jong  v 
aoytibiMg  goes  into  solution.  For  the  present  purpose,  one 
extnctkn  m  cadi  case  will  suffice.  Nor  is  it  necessa/y  to^ 
pr»er\-e  anything  but  rrsiducs  A.  B,  D.  and  F. 

Dilute  the  mass  with  water  (if  tissues,  with  about  hrO 
%\>Iuines).  acidulate  sJigMy  with  tartaric  acid,  boil  for  one* 
haiir  bottT  oa  vattcr-hath.  strain  through  muslin,  and  to  tie 
aftnitecd  bqiadadd  about  as  much  sand  as  would  correspoed 
lv>  the  dr\"  matter,  and  e\'aporate  on  water-bath  to  a  paste. 
Sttr  tcrddue  with  two  parts  of  95  %  alcohol.  Let  stand  and 
fitter.  The  tUtiatc  hiU  contain  all  the  substances  whicli 
interest  us  here.  It  is  e\'aporated  (see  Supplementafy 
Keiiurk:^)  to  a  vciy  thick  extract  Tliis  extract  is  treated 
with  I  %  H^O,.  Insoluble  residue  ^^  A.  The  filtrate  is 
shaken  witli  Ether.  The  ethereal  layer  =^  B,  The  acid 
water)'  la>'er  ^  C. 

A  may  contain  Croton  Oil. 

B  may  contain  Caffein,  Cantharidin.  DigitaUii.  FicrotoxilL 

Distil  off  the  etlier  and  reserve  to  be  tested  later  accord* 
ing  to  II. 

C  contains  the  alkaloids.  It  is  rcndefod  alkaline  with 
excess  of  5^  Na,COj.  nnci  ajrain  shaken  with  Fxhcr.  The 
ethereal  layer  — -  D  ;  the  a(|i:i-ous  layer  ^  K.  D  contains 
most  of  the  alkaloids.  The  ether  is  <istil2cd  off,  and  the 
alkaloids  are  tested  for  according  to  I.  S  is  shaken  with 
Acetic  Kthcr.  The  ethereal  layer  =  F,  contains  some 
alkaloids  and  esi>ecia]ly  Mwqihin.     It  is  to  be  evaporated  to 

'  The  follou^ng  rgtiatilitir*  i>f  «lmi;«  \nr  nT  oiben,  Aomt  $  Mm.  of  n«ie 
drugs,  50  tng.  nf  alkaluiHs),  mixed  with  ^o  ftia.  of  ibbc,  oa  be  canly  ite* 
tifi<^  by  this  process : 


i 


i 


Aconite : 
Belladonna  : 
Qndiona : 
ConvallarU ; 
Digital  is: 


I  Gm. 

1  Cm. 
zGm. 

3  tim. 


EXP.    II  :    TOXICOLOGIC    ANALYSIS. 


Contains  Gluco- 
Contains  Alka- 


Contains  Mor- 


idr\-nei>s  and   tested  by   I.     The  aqueous  solution  should 
contain  no  active  substance,  and  is  preserved  for  control. 
A  =   Portion   insoluble   in    water.      Contains    Croton 
>i]. 

B  :=  Portion  soluble  in  acidified  Ether, 
ids  and  Caffein. 

D  =  Portion  soluble  in  alkaline  Ether, 
sids. 
y  :=  Portion  soluble  in  Acetic  Ether. 
tin. 

I.  Testing  for  Alkaloids  (to  be  made  when  frog-work 
'is  complete<l) : 

Rc:{idues  D  and  F  are  each  taken  up  witli  a  little  i  ^ 
HjSO^  and  alkaloidal  tests  applied  (c.  g:.  pot.  mere,  iodid), 

»X(  an  alkaloid  is  present,^  it  will  probably  show  in  botli  solu- 
tions, but  it  will  be  easy  to  tell  from  the  relative  amount  of 
precipitate  to  which  solution  it  belongs.  The  two  residues 
are  then  united. 

(For  physiologic  tests  frogs  are  used  unless  otherwise 
specified.) 

(a)  If  the  precipitate  was  greatest  in  F,  test  for  Morphin 
(Kobert  s  test,  see  p.  767). 

»(b)  If  tlic  precipitate  was  greatest  in  D,  test  for  all  the 
alkaloids.  The  most  important  are  the  following,  which 
may  be  sought  for  in  the  order  given  (the  acidulated  solu- 
tion being  fii^t  neutnilized  until  a  precipitate  just  begins  to 
appear) : 

k(  Atropin  (Eye,  Heart,  Chemic). 
<  Strj'chriin  (Chemic,   Tetanus). 
I  Aconitin  (Heart). 
(  Physostigmin  (Reddening  of  Solution  ;   Cheraic, 
I       Eye), 
I  Nicotin  (Heart.  Paralysis  and  Twitchings). 
(^Veratrin  (Chemic.  Muscle,  Heart). 
Quinin  (Chemic). 
Cocain  (Chemic.  Frog's  Foot). 
{  The  same  frog  may  be  used  in  testing  for  those  alkaloids 

I  which  arc  joined  by  brackets.) 
II.   If  no  Alkaloid  is  Present: 
(a)  Test  A  for  Croton  Oil  (inflammation  of  rabbit's  car) ; 
if  none  is  found, 
*  The  physiologic  tests  for  the  suipected  subsisnces  should  be  tried  even 
If  the  general  alkaloidal  tesu  fail,  since  the  former  ore  usually  more  delicate. 
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(b)  Test  B  for  Cantharidin  (Inflammation  of  Rabbit's  Ear). 
Picrotoxin  (Convulsions J. 
Digitalis  (Heart). 
CatTcin  (Muscle). 
SuppUnwHtory  RenMrls, — All  evaporations  must  be  done 
on  water-balli  (in  actual  practice  at  the  lowest  possible  tem- 
perature); KtlK-rmu^tbcciistillcclonwater-batliwith  smallest 
possible  flame — not  evaporated  in  open  vessels.      In  making 
extractions  it  is  always  better  to  let  stand  ten  or  fifteen  min- 
utes, with  frequent  shaking. 


EXPERIMENT  111. 

TESTS    FOR    ALKAIX>II>S    AND    SOME     OTHER     IMPORTAKT 
ORGANIC  SUBSTANCES 

X.  General  Tests  for  Alkaloids. — riace  on  slides  a  few 
drops  of  I  :  looo  acidulated  solutions  of  quinin  bisulpliate 
and  mix  with  a  drop  of  the  following  : 

(a)  PhosphomulylKlic  Acid  '  :=  Arnorpbous  white  precjpitate4 

(b)  Phosphotongwic  Add*  =  •'  •'  '« 
^c)  I'Dt.  Merc.  lodid  =  "  "  " 
jd)UK]minKI  =  «•  nddbli 
(e)  Pitric  Acid  =  "  yellow  " 
{f  I  Tannin  U^)  a  "  white  " 
jg)  Gold  Chlorid(l^)  k  ••  yellow  " 

The  above  give  similar  reactions  with  most  other  alka- 
loids.    Some  pos-scss  characteristic  ciystalline  fotm. 

2.  Lassaigne's  Test  for  Nitrt^en.  —  Place  a  knife- 
pointful  of  dry  quinin  sulpliatc  in  a  dry  test-tube.  Takes 
piece  of  mcLiilic  Na.  size  of  small  pea.  dry  with  blotting- 
paper,  and  add  to  quinin.  Heat  red-hot  and  plunge  inio 
beaker  with  a  little  water.  Filter.  Add  a  few  drops 
FeSO,.  Let  stand  five  minutes.  Acidulate  with  cone 
HCl  and  heat  :    Color  or  precipitate  of  Prussian  Blue, 

3.  Strychnin. — Evaponite  a  few  drops  of  i  :  300  alcoho- 
lic solution  of  str>'chnin  placed  on  slides  and  arid 

(a)  a  drop  of  cone.  HNO^:  lieat  gently:  With  most  sam- 
ples a  yellow  color  develops,  due  to  Brucin. 

I  Phosphomohhdu  Acid :  To  a  strong;  s^lation  of  unmoniiBi  molybdMr 

add  HNO,  and   NajllPO,  to  corajJrte  prrci|Miati«iti ;  lei  shitirl   ' 't  •;« 

hours,   wash   by  decantalinn,  and  iIis«)IvF  k\w  inctijiirare  by  ['  <i 

safficirnt  NaOH.     Evaporate  todr>i)Cs>  ;  cnlcine  omd  no  mtwr    ■  '   ,      „  'M 
odl      Oml  and  (UmoIvc  in  water  with  thi.-  nddiliiin  uT  Mifficicot  HNO^ 

*  Phm^»tun^iH€  Arid :  A  lo^  mJuIioii  in  4^  HCL 
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(b)  a  drop  of  cone.   H^SO, :  No  change  ;  then  a  siiiuU 

•crystal  K,Cr^O,.  Play  of  colors  throuj^-h  blue,  violet,  red. 
I  (c)  to  I  :  500  aqueous  solution,  a  drop  of  cone.  K^CfjO, 
solution.  Let  stand  and  examine  the  crystals  microscop- 
ically. 
H^  4.  To  some  powdered  Kux  Vomica  add  a  drop  of  cone, 
^^KNO, :  Orange  color,  due  to  Hrucin. 

5.  Caffein, — livaporatt.'  a  few  drops  of  saturated  solution 
Caffein  Citrate  in  a  capsule  with  a  drop  of  UNO,:    A  yel- 
low residue  remains.      I^t  NM^  vapors  plays  on  this  :   Pur- 
ple color  (Mmexid  Reaction). 
H      6.  Morphin, —  i  :  500  alcoholic  solution.     Evaporate  a 
^fiew  drops  on  slides.     Add  to 

(a)  Drop  cone.  HNG^  and  heat :  Yellow -brown  ci>lor. 

(b)  Heat  a  few  drops  in  test-tube  on  water-bath  with  a 
drop  of  cone.  H^SO^  for  one-half  hour :  Violet  color.  Add 
a  drop  of  I  :  4  HNO^:  Cherry  red  (Husernan's  reaction). 

(c)  To  a  few  drops  of  2%  aqueous  solution  in  a  test- 
Ktube  add  a  drop  of  Fe^Cl^ :  Blue  color. 

^1      (d)  To  a  few  drops  of  2^   aqueous  solution  in  a  test- 

^■lubt:  add  about  2  c.c  cone.  HCI  and  a  few  drops  of  cone. 
H;SO^.  Boil  in  water-bath  for  one-half  hour  :  Leaves  red 
oily  liquid.  Neutralize  with  Na„CO,  (solution)  and  add  a 
drop  of  alcoholic  lodin  :  Emerald  color.    Shake  with  ctlicr : 

^B  This  takes  violet  color  (Pellagri's  reaction). 

^P  (e)  (Robert)  Evaporate  a  few  drops  of  the  solutian  and 
add  to  residue  a  drop  of  Robert's  rea^'ent<conc.  HjSO,.  loO 
c.c.  :  40%  Formalin.  5  c.c.)  :   Play  of  colors  from  purj>le- 

Hscrd  to  violet-blue. 

^  7.  Codein. — ICvaporate  20  drops  of  1  :  rocx>  solution  on 
porcelain,  add  some  cone.  H,SO^ :  Faint  greenish,  then 
violet  color.  Add  a  drop  of  cone.  HNOj-.  Plays  from 
yellow  to  puqile. 

8.  Opium  (/.  (•..  Meconic  Acidi. — Add  a  few  drops  of 
FCjCl^  to  snnjc  ten  times  dilutfd  laudanum  :  Red  color,  not 
bleached  by  MgCL 

9.  Atropin. — Evaporate  ro  drops  of  i  :  100  alcoholic 
^^solution  in  test-tube.  Add  10  drops  of  cone  M.jSO,.  and 
Bbcat  until  it  becomes  brown  ;  then  add  2  volumes  of  water: 

Characteristic  odor,  resembling  tuberose,  strengthened  by 
KMnO,. 

10.  Cocain. — (a)  Evaporate  30  drops  of  I  %  alcoholic 
I  solution  in  test-tube.      Add  2  drops  cone.  H^SG,.     Warm 
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in  water-bath.  An  aromatic  odor  of  benzoic  add  is  dcvd- 
opc'd,  and  crystals  of  this  substance  may  form  along  the 
sides  of  the  test-tube. 

(b)  1'o  a  little  of  i  :  icxx>  aqueous  solution  add  a  drop 
of  FcjClg :  Yellow  color,  becoming  orange  on  boiling  and 
cliaiiyinij;  back  t<>  yt-llow  on  adding  HCI. 

II.  Physostigmin. — (Notice  pinkish  color.)  (a)  To 
I  :  looo  aquLOus  solution  add  I  drop  of  NaOH :  Red, 
becomes  green  on  licating,  and  returns  to  red  on  cooling. 
Add  Sulphurous  Acid:  Again  colorless. 

(b)  Evaporate  some  solution  with  a  few  drops  of  NH,: 
Red  color,  leaving  dry  blue  residue.  Add  water :  Blue 
solution.  Add  Acetic  Acid :  Violet  in  transmitted,  coppered 
fluore.sct'iit  in  reflected  light. 

13.  Apomorphin. — (Notice  greenish  color.)  (a)  Evap- 
orate a  few  drops  of  i  :  lOOO  alcoholic  solution.  Adda 
drop  of  cone.  HXO3 :  Blood-red  color. 

(b)  To  a  few  drops  of  i  :  500  aqueous  solution  add  j 
drops  of  NajCO,  and  1  drop  of  alcoholic  iodin  :  HmeraJd 
color.     Shake  with  ether  :  The  latter  becomes  violet. 

13.  Veratrin. — (a)  Evaporate  a  few  drops  of  I  :  1000 
solution  on  slide.  Add  a  drop  of  cone.  H^Oj.  I.x't  stand. 
Note  play  of  colors,  from  green  through  brown  and  red  to 
yellow. 

(b)  Repeat  this  test  in  a  test-tube  and  observe  colors 
spectroscopically,  diluting  with  cone.  H3SO,  if  necessary. 
(Bands  in  red,  green,  and  indigo.) 

(c)  Evaporate  a  few  tlrops  on  slide.  Add  trace  of  cane- 
sugar  and  a  drop  of  H^SO^ :  Yellow,  green,  blue,  violet 
color  (Weppen). 

(d)  Evaporate  a  few  drops.  Add  cone.  HCI :  Red 
color 

14.  Quinin, — (a)  Notice  fluorescence  in  saturated  solu- 
tion Quinin  Sulph.,  best  seen  by  drawing  tlic  solution  into 
a  narrow  glass  tube.  Tliis  is  increased  by  acids,  diminished 
by  NaCl. 

(b)  Thallcioquin  Reaction  :  To  a  little  saturated  solu- 
tion of  Quinin  Sulph.  add  2  drops  Bromin  Water  and  then 
cautiously  an  excess  of  NHj.  An  emerald  color  results, 
which  is  changed  to  red  by  HCI.  (If  a  very  small  quan> 
tity  of  ammonia  is  used,  the  coktr  may  be  magenta.) 

(c)  To  a  drop  of  saturated  alcoholic  solution  of  Quinin 
Sulph.  on  a  slide  add  a  drop  of  alcoholic  solution  of  Iodin : 
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Green  crystalline  f)rccipitatc  (Hcrapatliitc).      Examine  mi- 
croscopically :   Presents  appt;arance  of  micrococci. 

15.  Picrotoxin. — Kvaporate  5  drops  of  1  :  100  alcoholic 
solution,  mix  residue  with  equal  amount  of  KNO,  and 
small  drop  cone.  H^SO^.  Then  add  excess  of  NaOH  : 
Tninsitorv^  red  color. 

16.  DJJgitalin. — (a)  Evaporate  6  drops  i  :  loo  alcoholic 
solution  with  a  drop  of  cone.  HJsC),  and  heat  carefully : 
Reddish-brown  color.  Expose  to  Br  vapor  {  Violet  to 
cherry  color. 

(b)  Evaporate  5  drops  and  add  a  drop  of  Fe,Cl,  -f  equal 
volume  cone.  HjSO,  without  mixing:  Carmine  to  violet 
zone,  changing  to  indigo. 

17  and  18.  Pyridinand  Quinolin. — On  the  i  J^f.  aqueous 
solutiiMis  trj'  some  of  the  j^eneral  alkalnidal  te.sts.  as  X  (c) 
(d)  (f) :  (jives  the  same  results. 

19.  Santonin. — To  a  little  1  ^  alcoholic  solution  in  test- 
tube  add  a  small  piece  KUll  and  warm:  Cherry -colored 
liquid. 

30.  Antipyrin, — (a)  To  10^  aqueous  solution  add  a 
few  drops  cone,  yellow  IINO^ :   Green,  then  red. 

(b)  To  10%  aqueous  solution  add  a  few  drops  cone. 
FCjCl^;     Deep  red  solution  ;   -f-H^SO,:     Light  yellow 

(c)  To  10^  aqueous  solution  add  some  Spiritus^-Elheris 
Nitrosi :    Slow  development  of  green  color  and  precipitate. 

ai.  Acetanilid. — (a)  Heat  some  of  the  powder  with 
NaOH  solution :  Uissoh  es,  with  odor  of  anilin ;  add  a 
few  drops  CHCl,  and  heat  again  :  Odor  of  phenylcar- 
bylamin  (resembU-s  witch-hazel). 

(b)  Boil  with  cone.  IICl.  add  equal  volume  $^  QIl^O 
and  equal  volume  calx  chlorata  :  Red  turliid  fluid.  Super- 
saturate with  NH, :      Deep  blue. 

(c)  Rub  together  equal  volumes  of  Acetanilid  and  NaNO, 
and  add  some  cone,  H^SO, :    Orange  liquid. 

32.  Phenacetin. — Gives  (a)  and  (b).  as  in  21.  These 
need  not  be  repeated.  With  (c)  it  gives  a  black  violet  color, 
later  passing'  into  -ajrccn. 

23.  Resorcin. — To  a  trace  add  some  NaOH  and  CHCI^: 
Pink  color 

34.  Anilin.^ — ^To  some  1  :  500  solution  Anilin  Chlorid, 
add: 

(a)  Some  solution  calx  chlorata :     Violet,  changing  to 
, dirty  red. 
49 
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(b)  Some  brotnin  water  :  Klcsh-colored  precipitate,  later 
grayish-green. 

(c)  Some  Millon's  reagent  *  and  heat :  Pink  color  or 
precipitate. 

(d)  A  match.stick  :     Becomes  yellow  to  orange. 

(e)  To  some  dr^'  anilin  clilorin  atld  some  CHCl,  and 
NaOH  :     Odor  of  plicnylcarbilaniin. 

25.  Carbolic  Acid. — LV-  3  :  1000  Phenol. 

(a)  Add  t'CjClfl ;     iilue-violet  color. 

(b)  Add  bromin  water  :  Yellow  precipitate.  Let  stand 
and  examine  microscopicnliy  :     Needle-shaped  cry.stal. 

(c)  Add  Millon's  reagent  and  heat:  Blood-red  color  or 
precipitate. 

36,  Salicylic  Acid, — (a)  To  i  %  Sod.  Salicylate  add 
I*\,,CI,. :      Red-violet  color. 

(Ii)  To  dry  Sud.  Salicjlatc  add  equal  parts  alcohol  and 
cone.  H.jSOj :     (idor  of  cthj'l  salicylate. 

37.  Benzoic  Acid. — (Make  test  as  in  26,  using  I  ^  Sod. 
Bcnzoate.)  • 

(a)  Brownish-pink  precipitate. 

(b)  Odorofetliyl  bL-nzoate. 

28.  Salol. — (a)  1  :  icw  alcoholic  solution  -y-  FcjCl,: 
Rcd-violet  color. 

(b)  Dry  crystals  +  NaOH;  heat:  Dissolves.  Add  cone 
HCl :  Cr\-stalline  precipitate  of  s:)licylic  acid  and  odor  of 
phenol. 

39.  Xanmn. — (a)  Add  drop  of  FCjCl, :  Green-bltie- 
black  color.  Dilute  until  it  is  transparent  Add  a  few 
drops  of  NaOH  ;  Gamut  color.  Add  cautiously  an  excess 
of  H^O, :  Grecnish-rcd  ;  uith  more,  grecnisli-yellow. 

(b)  Add  some  Pb(C,H,Oj)j :  Lai^e  white  precipitate. 
Add  NaOH  and  shake  :      Pink. 

(c)  Add  some  NaOH  :      Reddish-brown  color. 

(d)  Precipitation  with  alkaloids,  proteids,  and  }^ebdn  have 
already  been  studied  in  Kxp,  I. 

30.  Formates. — (a)  To  1  fo  Sod.  Formate  add  drop  of 
FCjCij  and  heat :      Deep  red  color. 

(b)  To  (iry  crystjilsadd  1 5  drops  of  alcohol  and  20  drop* 
cone.  Hj.S(_^, ;  heat :     Characteristic  odor  of  ethyl  fomulc 

31,  Acetates. — (a)  (as  in  30):  Same  result,  (b)  (as  in 
30) :  Odor  of  acetic  ether. 

1  i1/////r»'f  Rfa^nt :  Dinolve  ineullic  mcrcurn  in  an  njna)  w«ighl  HoMt. 
HNO|,  in  the  cold  ;  ibeo  add  an  equal  volume  of  water. 
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Oxalates. — (a)  (as  in  30) :   Precipitate,  but  no  color. 
{b)  AddCaCLj!   l^rccipjtJite. 

33.  Hydrocyanic  Acid. — (a)  Notice  odor. 

(b)  Impregnate  some  filter-paper  with  freshly  prepared 
Tincture  Guaiac,  let  dry,  then  pour  on  some  very  diluted 
CuSO, ;  expose  tliis  to  tlic  vapor  of  some  i  :  1000  HCN  : 
Deep  blue  color. 

(c)  Add  to  1  :  1000  solution  some  FeSO^  and  FcjCl,  and 
a  few  drops  of  NaOH  ;  boil,  let  stand  a  few  minutes,  acidu- 
late  with  cone.  HCl,  and  heat:  Green  to  blue  color,  or 
precipitate  of  Berlin  blue. 

34.  Alcohol. — (Use  5  %  solution.) 

(a)  Add  sonic  K,,Cr.^O.  and  dilute  H^SO,  and  warm: 
Green  color  and  odor  ot  aldehyd  or  acetic  acid. 

(b)  Add  some  NaOH  and  lodin  solution;  heat  gently: 
Odor  of  iudoforni  ;  a  precipitate  of  this  substincc  may  be 

n. 

35.  Chloroform  and  Chloral :  Add  some  NaOH  and 
a  tr.ice  of  resorcin  :     Pink  color. 

36.  Formaldehyd  :  (Use  frcshU-  made  1  :  5000  abso- 
lute.    These  tcst-v  may  be  used  for  formalin  in  milk.) 

[  (a)  Hehners  Test:  To  about  an  inch  of  cone.  HjSO^  in 
test-tube  add  few  drops  of  Fe^Cl^  and  mix  ;  pour  on  fonna- 
lin  solution  without  mixing :  Violet  color,  disappearing 
again  very  quickly. 

(b)  Uebcrmatuis  Test:  Mix  some  of  the  formalin  solu- 
tion with  a  drop  of  5  fv  Phenol  solution  and  pour  cau- 
tiously, without  mixing,  on  some  cone.  H^SO^  in  test-tube : 
Crimson  zone. 

37.  Saponin ;  To  a  trace  of  dry  saponin  on  porcelain 
add  2  drops  of  cone.  H,SO,  :  Onar)'  color.  Add  trace 
of  water :  Gradual  development  of  purple  color,  which 
bleaches  afler  some  hours. 


^ksee: 


I  EXPERIMENT  IV. 

Test  some  submitted  unknown  samples  for  the  substances 
prescribed. 
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3.  For  Pepsin : 


EXPERIMENT  V. 
EFFECT  OF  DRL'GS  ON  FERMENT  ACTION. 
(Each  Mudcnt  will  be  a^MgDcd  one  experiment  in  this  fcrieft.) 
Put  in  each  test-tube  the  following  : 
I.  For  Saliva:     i  inch  boiled  starch  (2^). 

1  inch  I  '/c  Na^COy 
j4  inch  saliva. 

2  ^    inches    Reagents    I    to    1 5    (see 

page  773)- 
2  inches  1%  HCl. 
3^  inch  Gastric  Extract 
2  Yi  inches  Reagents  i  to  1 5  (see  bclow)^ 
Small  piece  of  Carmin-i'ibrin. 

3.  For  Trypsin:  2  inches  2}if,  Na,CO,. 

Yi  inch  Pancreatic  Extract 
2  Yi  inches  Reagents  i  to  1  5  (sec  below). 
Small  piece  of  plain  I'ibrin. 
Shake  and  set  in  waUr-bath  ^0^  C.  for  one  hour^  then  com- 
pare  the  amount  of  fiigesihm  in  the  different  tubes  as  f^lom 

(report  in  order  of  digestion): 

1.  Salri-a:  Add  to  each  tube 
an  equal  volume  of  xo'ft  NaOH 
and  set  them  in  a  uater-bath,  heat 
and  keep  boiling  for  two  minutes. 
The  depth  tjf  color  will  cnrre* 
spond  to  the  amount  of  digcstion. 
3.  Pepsin  :  The  dcptli  of  colof 
will  correspond  to  the  Amount 
of  digestion. 

3,  Panaeatin ;  Add  to  each 
tube  an  inch  of  NaOH  iio^l 
and  then  drop  by  drop  a  vcr)* 
diluted  CuSO,  solution,  until  the 
pink  just  beginstn  pass  into  blue 
The  depth  vi  the  pink  color  will 
correspond  to  the  amount  of 
digestion. 

4.  Yeast :  Fill  a  test*tube  with  equal  volumes  ot  re;igcni 
and  5/{i  glucose,  and  add  a  small  piece  of  yeast.  Shake 
and  introduce  into  a  saccharimeter  (Kig.  85)  and  let  5t>nd 
two  hours  at  35^  C.  The  amount  of  action  will  correspond 
to  the  amount  of  gas  evolved.  Use  water  and  any  five  of 
the  reagents. 


(t 
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Fig.  S5.— KernieniAtion  lutjc. 
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EXP.    V:    FERMENTS. VI  :    CORPUSCLES.  yjl 

REAGENTS  FOR  i,  a,  3,  AND  4. 

(It  must  be  remembered  that  in  the  finished  liquid,  the 
strength  will  only  be  half  that  named  below.) 

1.  Water. 

2.  Quinin  bisulphate,  \fo- 

3.  Quinin  bisulphate,  2%. 

4.  Carbolic  Acid,         i^, 

5.  Carbolic  Acid,         5^. 

6.  Saturated  Aqueous  Solution  of  Salicylic  Acid. 

7.  "  "  '*  "  Benzoic  Acid. 

8.  "  "  *•  "  Salol. 

9.  "  "  "  "  Boric  Acid. 
10.  Alum,  5^. 

*ii.   Formaldehyd,  2fe  absolute. 
M2.  Alcohol,  50^. 
M3.  Alcohol,  lofo. 

14.  HgClj,  2  :  1000. 

15.  HgCL,  2  :  100,000. 

5.  Oxidizing  Ferments  :  Put  in  each  of  five  test-tubes  i 
inch  of  Reagents,  i  inch  potato  pulp,  20  drops  Tincture 
Guaiac,  and  ^  inch  HjO,.  Note  the  time  required  for  the 
appearance  of  a  distinct  blue  color,  and  the  depth  of  color 
at  the  end  of  an  hour.  Make  report,  arranging  them  by 
amount  of  oxidation. 

Reagents :  (a)  Water. 

^b)   \ofo       Carbolic  Add. 

(c)  I  fo       Caffein. 

(d)  2  'fo       Quinin  bisulphate. 

(e)  2  :  10,000  HgCIy 

EXPERIMENT  VI. 
EFFECT  OF  DRUGS  ON  RED  CORPUSCLES. 

Put  2  drops  of  defibrinated  blood  in  each  of  6  perfectly 
clean  test-tubes  and  add  to 
fa)  5  c.c.  Normal  Salt  (0.9^). 

(b)  "     o.oi  <fo  Digitonin  in  Normal  Salt. 

(c)  "     2%  NajCO,. 

(d)  "      Normal  Salt  (0.9^)  and  20  drops  of  Ether. 
fe)       "     0.01  ^  Crude  Saponin  in  Normal  Salt 

(f)       "      Distilled  Water. 

Shake  and  let  stand  one-half  hour.     Note  depth  of  color 

*  Stopper  the  test-tube. 
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of  supernatant  liquid  and  report  in  order  of  soIuti<jn  of 
hemoglobin  (or  inversely  to  turbidity).  Examine  snmc 
of  the  sediment  microscopically,  and  note  sixc,  .shape,  and 
color  of  the  corpuscles.  Ciystals  of  hemoglobin  may 
sometimes  be  seen. 


EXPERIMENT  VII. 
FORMATION  OF  METHEMOGLOBIN  (Fic.  71,  p.  470). 

Make  a  solution  of  three  i>arts  of  deBbrinated  blood  ^  in 
too  parts  of  water.  Put  portions  of  about  i  5  c.c.  in  test- 
tubes,  add  reagents,  and  note  clianyes  in  color  and  spectrum 
at  once.  If  none  appear,  place  in  a  water-bath  at  40°  C.  and 
observe  evcr>'  half  hour. 

1.  25  drops  saturated  KCIO,. 

2.  "      **      5  %    Pot.  ferric\'an»d.     Wlien  band  of  met- 

hemoglobin  is  well  marked,  add  one  drop 
2^  HCN  and  note  band  of  Cyan-mcthc- 
moglobin  (resembles  reduced), 

3.  •*      "      lo'/t;  NaNO^ 

4.  "      "      KMnO,. 

5.  *'      "      Phenylhydrazin. 

6.  "       "       10^    Pyrogallol  (Methemoglobin  spectrum 

and  precipitate  of  Hemogallol). 

EXPERIMENT  VIII. 
ACTION  OF  CHEMIC  CORROSIVES.     (S«e  p.  653.) 

I.  Precipitation  (see  p.  654):  To  defibrinatcd  blood  an3 
to  solutions  uf  E^j^-albumcn  and  Gelatin  add: 

1.  Mercuric  Chlorid. 

2.  Sih'er  Nitrate, 

3.  Cupric  Sulphate. 

4.  Ferric  Chlorid. 

5.  Lead  Acetate. 

6.  Concentrated  HjSO^. 

7.  "  HCI. 

8.  "  HNO,. 

9.  '•  NaOH. 

10.  Carbolic  Acid. 
IX.  Alcohol. 

*  Dog's  blood  coDtaina  on  ao  aTcrage  1$%  of  heaxiglotKn  ;  beef '•  blool. 
10^. 
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U  tlicrc  is  any  precipitate,  note  whether  it  will  dissolve 
fon  tlie  addition  of  water. 

2.  Corrosion  of  Skin  (see  p.  659) :  Place  bits  of  fresh 
skin  in  test -tubes  contiining  reagents  6.  7,  8,  9,  and  10,  leave 
for  some  time,  rinse  in  water,  and  note  character  of  stain, 
consistency,  etc.,  on  epithelial  surface. 

3.  Corrosion  of  Mucous  Membrane :  With  glass  rod 
place  drops  of  above  on  freshly  excised  mucous  membrane 
and  note  character  of  stain  and  corrosion. 

4.  Corrosion  of  Muscle  :  Place  bits  of  muscle  in  the  re- 
agents, leave  some  time  and  examine. 

5.  Coagulation  of  Muscle :  Tease  some  fresh  frog's 
muscle  in  noiiii;il  salt,  add  tlie  reagents  (also  add  I J^  CafTein), 
and  examine  microscopically  (low  power). 


EXPERIMENT  IX. 

[Each   student  should  try  on   himself*    and    report  the 
ect  of: 


Aconite  :  Two  minims  o(  Tiuctun;  oo  tongue.  "\ 

Atrtfin  ■  jig  gmin.  rTbcM  in  bnt  wed  in 

Pihiiirf^H :       jig  groin.  I      tablet  fecm. 

Digiiaiis :  5  minims.  * 

Amyl Nitrite :  3  minims  by   inhalation:   Qutc1t«i)ir%  or  pulse  and  ar«a  of 

fliuliing. 
Stryrhnin  :         IJmit  uf  tutc  ( >  •'  50,000). 
I'tratrin  :  Snuff  a  very  liltic  of  a  mixtunr  of  on*  pari  t>f  Vcralrin  and  500 

pari*,  of  surcli. 
Soap-bark:        Taste.     Smell. 

Add  35   drops   of   tincture  (o   n^KWt   an  inch  of  cotton-M«d 

oil.    Shfike.     Add  an  inch  oj  water  and  shake.     Emuluoa. 

II  Add  Alcohol :  remains  emulMfictl. 

Note  difference  in  taste  of  i  ^  solution  of  Citric  Acid\T\ 
tvater  and  in  starch  pa.ste. 
Note  difference  in  sweetness  of  acid  and  alkaline  fluid  ex- 
tract of  IJcorice. 

Note  difference  in  taste  of  a  plain  solution  of  quinin  and 
some  to  which  Verba  Santa  has  been  added.     (Mix  10  cc. 

•  fluid  extract  with  lOO  c.c.  1 :  1000  Quinin  sulphate.) 
Determine  comparative  sweetness  of  solutions  of  Cane- 
sui;ar  and  Saccharin,  dilutinj^  one  or  the  other  until  thc>'  arc 
equally  sweet.     (Start  with  1  :  50  Cane-suyar  and  I  :  5000 
Saccharin.) 

*  Tu  make  these  observations  of  any  value,  the  student  must  be  carcrul  to 
do  tbem  at  such  a  time  that  they  may  nut  be  vitiated  by  ibe  cflcclft  uf  taking 
food  or  exetcise.  etc. 
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CHAPTER  XXXIV. 

INTRODUCTION    TO    EXPERIMtNTS   ON    ANIMAtST 

A  SHORT  description  of  the  simplest  forms  of  apparatus 
ami  operations  required  for  pciforiniiijj;  the  following  exer- 
cises may  be  useful  for  tliose  who  have  had  no  expencnct 
in  this  kind  of  work. 


I.  APPARATUS. 

I.  A  small  induction  coil  is  needed.  Fijjure  86  ght» 
an  illnstration  t)(  a  sim|]le  and  effective  form.  If  ihc 
tetiinhing-  cttrrent  is  required,  the  binding  screws  a  and  h  ire 
connected  with  the  battery,  the  primary  key  Kp  being 
closed  whenever  the  current  is  to  be  used.  For  singU 
make  and  break  shocks,  the  batterj'  is  connected  with  a  and 
r,  and  make  and  break  arc  ma<le  by  pushing  dL>wn  or  re- 
leasintj  Kp. 

i  i.s  the  interrupter  wliich  produces  the  tetanizing  mrrtnl 
if  the  batter}*  is  connected  with  a  and  /r  p  is  tlic  primar)' 
coil  which  .surrounds  a  bundle  of  soft  iron  wire.  The  lattci 
serves  at  the  same  time  as  a  magnet  for  the  inlemTptcr 
The  secondar>'  coil  S  ends  in  two  binding  screws  ^?^  to 
which  the  electrodes  arc  attached  IT  these  .ire  tf>  be  used 
on  the  nerve,  they  are  best  made  from  heavy  insulated  wire 
to  which  short  pins  are  soldered,  the  ends  being  tnclnscd  in 
glass  tubing  and  bound  together.  For  direct  stimulation 
of  the  muscle,  however,  a  better  arrangement  is  to  connect 
s'  with  the  muscle  by  means  of  very  fine  insulated  wires 
the  bared  ends  of  which  arc  thrust  directly  through  the 
muscle. 

To  produce  a  singie  break  shoek,  s*  is  connected  with  tlie 
binding  screws  of  another  key,  A'v.  The  electrodes  (r.  e)  art 
connected  with  the  same  binding  p<ist.  (Sec  Fig.  86.)  WTwii 
Ks  is  dosed,  the  secondary  current  is  short -circuited.  To 
send  a  single  break  shock  into  the  muscle:  With  the  finger 
close  A's,  then  A'/*,  then  open  A'v.  When  Kp  is  now  opened, 
a  single  break  shock  will  be  thrown  into  the  musclc. 

Thic  rail  on  which  the  secondan.^  coil  slides  should  be 
provided  with  a  centimeter  scale  to  enable  one  to  irprodDCe 


APPARATUS. 

the  same  strength  of  current.  In  testing  the  excitability 
of  a  preparation,  the  secondary  coil  is  pushed  away  from 
the  primar>'  as  long  as  the  muscle  shows  any  visible  con- 

,  traction.     Single  shocks  are  best  for  this  purpose. 

3.  Almost  any  form  of  battery  can  be  employed  as  a 

[source  of  current      For  ordinary  work  the  dry  cells  arc  the 


»J'-s 


I 


s.  I 


Kig.  86. — laduction  ooiL     ( For  dcscriptioa,  sec  p.  776.) 


most  convenient,  but  do  not  give  a  vcr>'  constant  current. 
When  the  latter  is  essential,  a  Daniel  cell  is  the  most  useful 
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It 
3.  Mercury  manometers  for  use  in  measurinj;  and  re- 
cording the  arterial  pressure  are  niade  by  bending  a  piece 
of  glass  tubing 
(as  Fig.  ^1 ;  No. 
9  for  dogs,  7  for 
rabbits)  into  the 
shape  shown  in 
figure  95,  /«. 
The     height    of 

this  apparatus  may  be  about  10  inches.  It  is  fastened  on  a 
small  board  which  will  allow  of  holding  it  in  a  clamp.  A 
millimeter  scale  should  be  placed  on  this  board,  and  the  read- 
ings may  be  taken  from  this  directly  (always  measuring  the 
difference  between  the  two  limbs).  For  taking  tracings  a 
small  float  fitting  rather  loosely  into  the  straight  tube  is 
nade  of  glass  or  hard  rubber,  and  a  long  pin  (knitting- 
needle  or  glass  rod  drawn  out)  is  fixed  in  this.     This  bears 
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Fig.  87.^-Sues  of  glass  lulling. 
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on  its  Upper  end  a  flat  piece  of  coik,  to  wliich  some  parch- 
ment paper  may  be  fixed  b\'  sealing-wax,  as  a  writing-point 

4.  A3  a  vein  manometer,  a  right-ant^led  glass  tube,  size 
8,  can  be  used,  tlie  upright  limb  about  20  inches  Ion*;,  and 
provided  with  a  centimeter  scale  ;  the  short  horizontal  piece 
to  be  connected  with  tlie  vein.  The  tube  is  filled  almost 
full  with  water  befurc  being  attached,  and  after  evcr>'  obser- 
vation a  little  water  should  be  run  into  it  with  a  pipette  to 
make  sure  that  there  has  been  no  clotting  since  the  last 
obser\'atinn. 

5.  These  manometers,  as  well  as  the  injection  apparatus, 
arc  connected  with  the  vessels  by  means  of  CADDulse  in- 
serted into  the  latter.     These  can  be  readily  drawTi  out  of 
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Ffg.  88. — Cflnnuliv. 


glass  tubing.  The  end  must  bq  somewhat  enlarged  and  oil 
off  obliquely  (Fig.  88). 

a  is  for  use  In  the  frog's  heart ;  d  for  rabbit's  carotid  or 
dog's  femoral  artery ;  r  for  doy's  carotid  arter>-  or  femoral 
vein;  t/  for  dog's  external  jugular;  f  gives  the  shape  of 
tracheal  cannuhe.  One  end  is  best  made  somewhat  smaller 
than  the  other,  so  that  the  .same  cannula  may  serve  (or 
somewhat  different  hv/jcs  of  trachea.  Tubing  5  and  8  is 
most  useful  for  rabbits;  9,  10.  and  12  for  dogs. 

6.  Hypodermic  injections  into  mammals  arc  made  with 
antitoxin  syrinfjes,  using  especially  large  ("aspirator") 
needles.  For  intravenous  injection  a  cannula  in  the  \*dn 
is  connected  with  a  burette  containing  the  injection  fluid  A 
small  syringe  may  be  used  instead,  but  is  less  satisfactory. 
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If  the  solution  is  to  be  injected  under  pressure,  the  injec- 

■  tion  apparatus  illustratctl  in  figure  4S  (p.  248)  is  to  be  used. 
7.  For  taking  the  tracings  a  cyhnder  ("  drum  "),  revolved 
by  clock-work  or  motor,  is  emploj'ed.  A  sheet  of  glazed 
paper  is  wound  around  this  drum  and  the  edfjcs  are 
trimmed.  The  paper  is  covered  with  soot  by  rapidly  rc- 
H  volving  the  cylinder  in  a  fish-tail  flame.  The  coating  sliould 
^f  not  be  verj'  lieavy.  As  writing -points,  one  may  u.sc  slips 
of  parchment  paper.  3  cm.  long  and  1  cm.  wide,  tapering  to 

■  a  fine  point,  attached  to  the  lever.*?  by  sealing-wax.  Wiicn 
a  tracing  has  been  taken,  it  may  be  fixed  permanently  by 
passing  tlie  paper,  after  cutting  it  from  the  drum,  through 
a  saturated  solution  of  orange  shellac  in  alcohol,  and  allow- 
ing it  to  dry.  Any  notes,  etc.,  must  be  written  on  the 
tracing  before  it  is  varnished. 


II.  OPERATIONS  ON  FROGS. 
To  pith  a  frog,  it  is  liehl  in   the  left 


I 

■  To  pith  a  frog,  it  is  liehl  in  the  left  hand  and  the  head 
™  bent  slightly  forward  with  the  thumb.  If  the  finger-nail  is 
passed  lightly  alung  the  spine  a  .slight  depression  will  be 
felt  back  of  the  head.  A  narrow-bladed  knife  is  thnist  in 
here,  and  the  brain  or  cord  can  then  be  destroyed  by  push- 
ing in  a  stitT  wire.  When  this  is  withdrawn,  the  wound 
should  be  stopped  with  a  short  piece  of  pointed  match  to 
avoid  bleeding. 

•  To  destroy  the  brain  only,  a  line  is  drawn  joining  the 
posterior  i;di;e  of  the  tympanic  membranes,  and  the  skull 
opened  in  front  of  this  line  and  the  brain  destroyed. 
H  To  make  a  muscle-nerve  preparation,  the  frog  is  pithed 
^f  through  brain  and  cord.  It  is  then  held  up  by  tlie  legs  so 
that  the  anterior  part  of  the  body  falls  dowii.  The  scissors 
are  thrust  through  the  body  a  little  anterior  to  the  angle 
and  the  whole  body  i.s  cut  off.  By  grasping  the  skin  Nvith 
a  cloth  it  can  be  readily  removed  from  the  legs.  The  two 
legs  are  then  cut  apart  ju.<it  in  the  median  Hne.  The  iliac 
bones  (the  two  bones  at  the  sides)  are  cut  away.  Each 
portion  is  then  turned  with  the  posterior  surface  upward, 
and  the  muscles  of  the  thigh  arc  pulled  apart  with  the 
fingers.  The  sciatic  nerve  will  be  seen  lying  at  the  bottom 
of  the  groove.  It  is  carefully  dissected  out  witli  a  few 
cuts  of  the  scissors,  from  the  spinal  canal  to  whicli  it  is 
^attached,  to  the  knee.     The  tlligli  is  then  cut  off  so  as  to 
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leave  a  short  piece  of  tlic  femur  attached  to  the  knee.  A 
blade  of  the  scissors  is  then  thrust  under  the  tendo  AchiiUs, 
and  pushed  as  far  as  possible  toward  the  toes.  The  tendon 
is  then  cut  off  at  this  point  The  tibial  bone  is  also  divided 
close  to  the  knee.  In  this  way  a  preparation  is  fonned 
consisting  of  a  small  piece  of  bone  of  the  spinal  cutuinn 
attached  to  the  sciatic  nerve,  a  bit  of  the  femur,  the  gastroc- 
nemius muscle,  and  tlic  tendo  Achillis.  These  preparations 
must  be  carefully  kept  from  drying  by  wrapping  in  filter- 
paper  snaked  in  normal  saline  solution. 

To  take  a  simple  tracing  of  a  muscular  contractioQt 
both  ends  of  the  muscle  are  tiet]  to  little  houks  whicli  arc  in- 
serted into  the  holes  in  the  lever  and  the  support  of  figure  S9 
(p.  78 1).  The  limb  a  is  lowered  until  the  muscle  is  brought 
to  the  proper  stretch  and  fixed  by  the  set  screw.  A  weight 
should  be  hung  on  the  other  hnib  of  the  lever  at  an  equal 
distance  from  the  fulcrum.  Tlic  nerve  may  be  placed  on 
the  electrodes,  or  if  direct  stimulation  is  required,  the  wires 
are  inserted  into  the  muscle.  The  end  of  the  writing  lever. 
which  is  best  made  of  a  straw  about  5  inches  long,  is  fixed 
tcj  the  metal  with  sealing-wax.  The  straw  should  bear  a 
writing-point  of  parchment  paper.  Hy  adjusting  this  on  a 
rapidly  revolving  drum  a  tiacing  of  the  mn.-scuUr  contrac- 
tion can  be  taken.  The  writing-point  of  the  lever  should 
be  bent  somewhat  toward  the  drum  and  the  lever  should  be 
placed  as  much  as  possible  at  a  tangent  If  it  is  required  to 
subject  the  muscle  to  the  influence  of  reagents  or  to  heat  or 
cold,  this  may  be  done  by  lowering  tile  whole  apparatus  into 
a  beaker  filled  witli  the  solution. 

To  expose  the  heart,  the  frog  is  pithed,  brain  only. 
An  incision  is  then  made  in  the  median  tine  through  tlic 
abdomen  and  the  upix:r  part  of  the  body.  The  cartilage 
between  the  arms  is  divided  and  the  arms  are  pulled  well 
apart  and  fixed  to  a  small  b<^ani  with  pins.  The  heart  can 
then  be  seen  beating.  If  it  i.s  to  be  treated  with  reagents,  the 
pericardium  should  be  opened.  The  frog's  heart  will  be 
seen  to  consist  of  two  auricles  and  a  single  ventricle.  From 
the  ventricle  arises  a  small,  whitish  bulbus  aorta:,  and  fmm 
this  the  two  aorta:.  If  the  heart  is  turned  up,  it  will  be  seen 
that  the  auricles  arc  continued  into  the  sinus  venosus.  A 
white  line  marks  the  junction  of  the  two.  The  stimulation 
of  this  h'ne  stimulates  the  vagus  gangh'a.  If  the  hc-irt  is  to 
be  handled  considerably,  it  will  be  convenient  to  place  a  silk 
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ligature  around  the  frenum,  the  delicate  fibrous  band  attach- 
ing the  lower  surface  of  the  heart  to  the  pericardium.  This 
can  then  be  divided  and  the  heart  turned  by  the  ligature. 


Fig.  89.— Muscle  lever. 


Fig.   90. — Dissection  of   vagus :  ?',  Vagus  nerve  ;  h,  hypoglossal  nerve ;  g^ 
glossopharyngeal  nerve ;  <^,  brachial  plexus ;  j,  jaw. 

If  drugs  are  to  be  applied,  this  is  conveniently  done  with  a 
pipette  or  a  camel's-hair  pencil. 

Heart  tracings  arc,  as  a  rule,  unsatisfactory.      If  it  is 
wished  to  take  them,  the  muscle  lever  can  be  used  by 
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attachinjj  a  small  piece  of  cork  to  ti)c  lever  in  the  place  of 
the  wcigiit,  and  resting  this  cork  on  the  exposed  heart. 

The  ragus  trunk  comes  to  the  surface  at  about  the  angle 
of  the  jaw,  in  company  with  tlie  glossopharjiigeal  and 
hypoglossal  nerves,  lying  between  the  two.  By  exposing 
this  area  the  vagus  can  easily  be  seen  passing  to  the  heart 
(Fig.  90).  It  may  be  dissected  out  and  placed  on  a  ligatun: 
for  stimulation,  but  frequently  it  suffices  to  stimulate  it 
in  situ. 

III.  OPERATIONS  ON  MAMMALS. 

To  give  a  drug  by  the  stomach,  a  stout,  stiff  niale  cath- 
eter is  attached  to  a  small  bulb  of  the  kind  used  on  the 
VV'tHiams  apparatus  and  holding  about  50  c.c.  Tlie  mouth 
of  the  animal  is  held  open  with  a  stick  and  tlie  moistened 
catheter  is  passed  well  back,  when  no  difficulty  will  be  found 
in  making  it  enter  the  esophagus.  Care  must  Ix;  biken  not 
to  push  it  into  the  trachea,  and  it  is  well  to  note  that  the  ani- 
mal docs  not  breathe  through  the  catheter.  The  solution 
is  then  poured  into  the  bulb.  If  it  does  not  flow  readily,  it 
can  be  quickened  by  blowing. 

Anesthesia. — Operative  work  is  to  be  done  only  on 
completc:l>'  ancsi/ittizeii  animals.  Dogs  should  be  given 
0.02  Gm.  j>er  Kg.  of  morphtn  hypodermically  halfan  hour 
before  using.  They  are  then  anesthetized  by  inhaling  any 
of  the  liquid  anesthetics. 

In  the  case  of  rabbits,  the  anesthetic,  dissolved  in  water. 
is  best  given  through  a  catheter  into  the  rectum.  I'he  d*>se 
per  Kg.  is:  of  Chlnral.  0.3  Gm,  ;  Urcthanc,  0.75  Gra. 
About  fifteen  to  twenty  minutes  are  alloweil  for  the  devel- 
opment of  the  narcosis.  If  this  is  incomplete,  it  may  be 
supplemented  by  the  inhalation  of  ether.  Chloroform  is 
rather  too  dangerous  for  these  animals. 

Volatile  anesthetics  may  be  given  to  animals  on  cotton 
covered  with  a  towel,  taking  care  to  cover  tlie  whole  muulh 
of  the  animal.  When  long-continued  ancstliesia  is  required 
and  the  trachea  is  to  be  opened  in  the  experiment,  the  an- 
esthetic is  continued  through  the  tracheal  cannula.  An 
arrangement  as  in  figure  91  is  very  useful  for  tJiis  purpoi*. 
It  consists  of  a  Woulf's  bottle  containing  the  anesthetic 
The  tracheal  cannula  is  connected  with  one  moutli  of  the 
bottle  and  prevented  from  falling  in  by  a  screw-cocic.  The 
other  mouth  bears  another  tube,  which  can  be  narroH*ed  by 


OPERATIONS   ON    MAMMALS. 


78J 


I 


r\ 


J^K 


J 


Kig.    91. — Woulf's  liotlle  for   giving   anesthetic 
(uIm)  arranged  tor  respiratory  Imcing). 


another  screw-cock.     By  adjusting  these  cocks  the  amount 
of  anesthetics  can  be  increased  or  diminished.      Intheiilus- 
Itration  is  shown  the  manner  of  conttecting  this  with  Marey's 
[tambour  for  taking  respiratory  tracings. 

Another  metliod  of  taking  rcspinitory  tracings  through 
I  the  trachea  \s>  by  connecting  it   with  the  respiration  bot- 
[tle,  shown  in  figure 
92.    In  this  case  tlie 
connection    of  the 
trachea     with     the 
tambour     can     be 
made  perfectly  tight 
and  the  exact  form 
of    the    cune    re- 
corded.    But  dysp- 
ica    results    quite 
uickly  if  the  vent 
closed. 

Still  other  meth- 
ods of  taking  respirator)'  tracings,  by  measuring  the  excur- 
sions of  the  diaphragm,  or  of  the  chest,  arc  mentioned  in 
the  text 

After  the  animal  is  anesthetized,  it  is  tied  to  the  dog 

I  board,  the  one  illustmted  in  figure  93 

/^\  tUt  being  a  cheap  and  efficient  forni.     A 

^     ill  f^Tii-ime       number  of  sizes  sliould  be  on  hand 
■^'*'*^     \\/C,  for  different  sized  animals  {1X4  feet 

Ti  i  IM?  ^'^^  dogs  ;  8  X  30  inches  for  rabbits). 

In  operating  on  the  neck  tlie  front 
legs  should  be  turned  toward  the 
abdomen  ;  in  operating  on  the  chest, 
toward  the  head. 

Most  operations  arc  on  the  neck. 
To  expose  the  contents,  an  incision 
is  made  in  the  median  line  beginning 
somewhat  bciow  the  larynx  and  ex- 
tending to  near  the  sternum.     The 
different  layers  of  iiiu^eles  arc  care- 
fully separated  until  the  trachea  is  exposed.     If  it  is  wished 
to  insert  a  cannula,  two  ligatures  of  stout  twine  are  placed 
under  the  trachea  an  inch  ortwoapart.  by  means  of  forceps  or 
an  aneurysm  needle.  Three  or  four  rings  of  cartilage  are  then 
divided  by  means  of  a  median  incision  and  trimmed  ofTa  little 


fig.  92. — Respiration 
bottle. 


784 


EXPERIMENTS   ON    ANIMALS. 


CH.  XXXIV. 


on  each  side,  so  that  the  sharp  end  of  the  cannula  can  be 
inserted.  Tliis  is  Uien  secured  by  the  lower  ligature,  and 
tlie  upper  one  is  also  tied.  If  a  finger  be  then  passed  into 
the  wound  and  pressed  outward  from  the  trachea,  the  carotid 
arteries  can  be  felt  beating.  By  a  little  manipulation  the>' 
can  be  brought  to  the  surface  of  the  wound  so  that  they  can 
be  readily  seen.  They  arc  isolated  from  the  surrounding 
tissue  by  manipulation  with  the  forceps.      This  can  be  done 


Fig.  93. — Dog  iKwrd. 


without  any  danger  in  dogs,  but  requires  some  care  in  rab- 
bits, since  the  walls  are  somewhat  delicate  and  are  easily  torn. 
The  vagus  is  seen  as  a  white  cord  accompanying  the  caro- 
tid. In  t)ie  rabbit  there  arc  several  nerves  in  this  region,  of 
which  the  vagu.'!  is  the  largest.  The  nerve  should  ne\-erbe 
included  in  a  hgaturc  with  the  arter>'.  If  it  is  desired  to 
stimulate  it,  a  ligature  should  be-  placed  under  it,  after  freeing 

it  from  the  surrounding  tissues 
If  it  is  dc->ircd  to  stimulate  the 
central  and  peripheral  ends  sep- 
arately, tlie  nerve  should  be  liga- 
tured in  two  places  and  divided 
between. 

To  insert  a  cannula  into  aa 
artery,  this  must  be  cleaned  as 
fully  as  possible.  Two  ligatures  are  placed  under  it  an  inch 
apart.  A  bull-dog  clamp  (Kig.  94)  is  applied  at  the  enil 
toward  the  heart.  'Ihe  peripheral  ligature  (away  from  the 
heart)  is  then  tied  firmly.  The  arterv'  is  now  partly  dii-idoi, 
by  sharp  sci-ssors.  a  short  distance  peripheral  to  the  bull-do}; 
forceps,  and  the  pointed  end  of  a  cannula  is  inserted  anci 
secured  by  the  second  ligature.  \x\  :nsfrting^  o  eannttla  »«* 
a  vein  care  must  be  taken  to  have  the  vein  well  filled  wixh 
blood.  After  insertion,  the  cannula  is  filled  by  a  long,  {wintrd 


Fig.  94. — Bull-dog  clamps. 
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pipette  with  normal  saline  solution  and  connected  with  the 
manometer  or  injection  tube. 

The  external  jugular  vein  is  found  most  easily  by- 
making  a  median  incision  into  the  neck  and  then  dissecting 


Fig.  95. — AnBDgf  ment  for  taking  a  blood-pressure  tracing  (Stewart)  : 
m.  Manometer;  hg,  mercury  ;  f,  float  armed  with  writing- point  ;  a,  thread 
attached  to  a  wire  projecting  from  the  drum  and  supporting  a  small  weight ;  the 
thread  keeps  the  writing-point  in  contact  with  the  smoked  paper  on  the  drum  ; 
^  is  a  strong  rubber  tube  connecting  the  manometer  with  the  artery ;  c,  a 
pinch-cock  on  the  rubber  tube,  which  is  taken  off  when  a  tracing  is  to  be 
obtained. 


backward  between  the  skin  and  muscles,  when  it  will  be 
encountered. 

The  femoral  vessels  can  be  felt  just    external  to  the 
muscle  which  stands  out  boldly  at  a  right  angle  to  Poupart's 
ligament 
50 


786 


BXPBKIHENTS   ON   ANIMALS. 


CH.  XXXIV. 


The  sciatic  nerve  is  mdst  easily  exposed  from  tlie  back 
of  tlie  leg.  The  leg  must  be  flexed  and  held  toMard  tbc 
bead.  An  incision  is  then  made  through  the  skin  over  the 
ridge  which  is  formed  in  this  manner.  Hy  separatinj;  the 
musclrs  tiic  sciatic  iierv'c  can  bo  felt  as  a  firm  cord  and  can 
be  brought  to  the  surface  by  hooking  the  finger  under  it 

To  opeD  the  chest,  a  horseshoe  incision  is  made  through 
the  skin,  consistin-^  of  a  cut  some  distance  on  cither  sitie  of 
the  stcniuni  and  joined  near  the  clavicles.  Stout  waxed 
ligatures  are  then  placed  on  each  rib  with  an  aneurysm 
needle.  A  ligature  of  tl)e  same  kind  is  placed  around  tbc 
sternum.  Artificial  respiration  is  then  begun.  This  can 
be  done  by  u  bellows  attaclieil  by  a  T-tube  to  tlic  tracheal 
cannula  or  to  one  neck  of  the  Woulf's  bottle.  The  open 
limb  of  the  T  is  closed  during  inflation.  The  ribs  are  tlien 
cut  through  with  bone  forceps,  to  the  sternal  side  of  the  liga- 
tures. The  sternum  itself  is  then  divided  Two  pairs  of 
artirry  forceps  should  be  at  hand  to  clamp  the  bitxdiaj; 
mammar>'  arteries,  which  can  tliL-n  be  tied  off! 

In  talang  the  blood  pressure  the  carotid  artery*  is  con- 
nected with  a  niercur)'  manometer  (Fig.  95).  the  connectiotis 
being  filled  with  a  half-saturated  solution  of  magnesium 
sulphate.  Before  connecting  the  apparatus,  a  pressure  of 
100  mm.  of  mercury  for  dogs,  or  70  mm.  for  rabbits,  mus* 
be  obtained  by  blowing  into  the  tube,  applying  a  jwnch- 
cock,  and  filling  the  tube  with  the  solution.  Care  must  be 
taken  that  the  tloat  works  freely.  It  may  be  necessary-  lo 
put  a  few  drops  of  gasoline  with  the  float  to  obtain  this 
result.  To  take  tracings,  the  writing  point  is  adjusted  to 
a  slowly  revolving  drum,  being  held  against  the  paper  by  a 
silk  thread  suspended  from  tlie  frame  of  the  drum,  and  hcM 
taut  by  a  small  weight.  It  is  necessary  to  take  diirrt 
observations  of  the  height  of  blood  pressure  and  the  rate 
and  character  of  heart  and  respiration,  as  well  as  tracings 

If  there  is  Clotting  in  the  cannula.*  the  apparatus  must  i< 
disconnected  and  cleaned.  The  cannula  need  not  be  re- 
moved, but  can  be  cleaned  in  situ  with  the  nb  of  a  fratbcr 
to  which  a  little  of  the  blade  has  been  left  attached. 

l»  a/i  animal  work  the  time  required  to  prodnee  retniti 
should  he  noted. 


I 


In  the  rxpcritnenls  on  animals,  it  is  well   lo  amnec  t]tr  MudmO 
**Bet>"  of  three  men  U>i  work  on  fro^s,  five  for  inunitiali.      Ewrh  taio  ibaaU 
be  placed  in  cliaige  v(  some  iiartkulai  part  iA  tlic  expehmcDt :  lakioK 
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5«IUDf!  up  Ibe  ftppatatuti,  ooeratir^,  inking  tnu:in^  etc.  The  rcporu  should 
be  preserved  acccadiblc  to  uiiurc  ciasacs.  When  an  trxpcriincni  is  atmugcd  in 
MClionA,  it  i%  intemleil  (bal  each  Atxtton  be  done  by  half  the  »et».  Tho  au|>- 
plcmeot  and  do«te  ubles  will  permit  of  vaiyiog  the  experimcDts  almost  ia&mitly, 
at  tlic  choice  of  the  iostructor. 


CHAPTER  XXXV. 


h 


FROG  WORK. 

EXPERIMENT  1. 
CONVULSA.NTS  ANU  PARALYSANTS. 


"SoTE  g^cfttra/  Murz'itfr  of  animals.  Gross  changes  in  re- 
flt'xts  (dipping  foot  in  %  ^  MCI  or  5  ^  Acetic  Acid).  Rate 
of  i'tspiration  and  if  possjblt;  heart.  Changes  in  diameter  of 
pupU,  If  t'otti'uisioHs  appear,  note  whether  tlic\  arc  clonic  or 
tonic.  Which  muscles  are  mainly  affected.  Locate  their 
seat  by  successive  destructioii  of  liemispheres,  n^edulla,  and 
cord.  (Ten  or  fifteen  minutes  or  longer,  if  possible,  must  be 
allowed  for  recovery  from  shock,  before  concluding  that  the 
Stat  of  the  convulsions  has  been  de.stroyed.)  In  the  case 
of  paralysis,  note :  Symptoms  pointinij  to  lessened  activity 
of  hemispheres  (quietness,  avoidance  of  obstacles,  swim- 
ming, croalcinj^) :  disturbed  sen.sation  of  equilibrium  (inco- 
ordination— difficulty  in  turning);  paralysis  of  respiration ; 
paralysis  of  extremities.  If  the  animal  docs  not  die  during 
the  experiment,  observe  it  for  several  days  to  notice  aftcr- 
eflccts.  If  the  reflexes  have  ilisapi>cared,  expose  the  heart 
and  note  its  state  according  to  Experiment  IV,  B.  Test  the 
excitability  of  the  .sciatic  nerve  and  ga.strocneniius  muscle. 
If  the  latter  requires  a  stronger  current,  the  condition  is 
normal ;  if  the  former,  there  is  a  curare  action. 

The  drugs  are  injected  with  a  pipette  through  a  small  inci- 
sion made  into  the  skin  over  the  anterior  portion  of  the 
ventral  or  dorsal  lymph-.sac.  The  quatititj'  of  solution 
should  not  exceed  0.5  c.c.  to  i  c.c,  if  possible.' 

'  Ftif  example:  Strychnin  '4'  mg.  ;  To  have  this  amoant  in  I  c.c.  ( tooo 
■ig.'l  WTiulit  rrfiuirv  a  ««jltjIion  of  '4  :  lOOO  or  I  :  4000.  If  a  I  :  5000  solution 
w  fumlihcd.  each  cubic  centimeier  =  ^X^  (Jm.  .Strychnia  =  0.2  mg.;  to 
obtyn  )(  m^,  wouk)  f«(uire  i%  c.c.  of  this  solution. 
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With  the  frogs  marked  *  the  effect  of  drugs  upon  tlie  eye  ' 
can  be  studied.     (See  Experiment  IV,  B.) 
Each  student  use  t\vo  frogs. 
f  •Strychnin,*  J^  mg. 

'  \  Morphin,  50  mg. 

(  Nicotin,  2  mg. 

■  \  *Carbolic  Acid:  place  in  jar  \vith  I  :  10.000  freshly 
made  solution  and  compare  witli  contrul. 


5- 
6. 


/  *Caffein. 
(  Physostigmin. 
f  Pierotoxin, 
"l^  Cocain, 
f  *Cinchonidtn, 
1^  Camphor, 
f  Atropin, 
\  KCl. 
f  Aconite, 


5  mg- 
j/i  mg. 

10  mg.  per  mouth. 
'/j  mg. 
10  mg. 
0.1  Gm. 
'A  mg. 
I  c.c.   10%. 
I  c.c.  5^  solution. 
'■  \  Amnion. Chlorid.  0.25  Gm. 
These  doses  arc  calculated  for  medium-sized  frogs  (40 
Gm.), 

Other  drugs  which  may  be  substituted  for  the  above  are: 


TABLE  XVII.— DOSES  FOR  (40  Gm.)  FROGS. 

Aconitin,  cryia 0.5  mg. 

Aconitin,  ftmnrphoos   .    .        .  I  lo  2CX)  liin»  tbe  dose  of  the  crrnklliiie. 

Anilirt 3  drops  in  mouth. 

Apocynum 0.067  Gm. 

Cadmium  Sulphate,  ciysl.  .    .  0.04  Gm. 
Carbolic  Acid  .......  I  c.c.  l%. 

CiDchonin         lo  mg. 

Cobalt  Nilratc      aoi6  Gm. 

ConvalUria       o.oi  Gm. 

Coninm 3.$  Gm. 

CoriamjntiD 0. 1  mg. 

Di^ialis    ........    .0.5  Gm. 

Erjcot 3.0  Gta. 

GcNcmium  0.6  Gm. 

Hellcboru*  Niger 0.02  Gm. 

1  lyoxyuQiu o.  5  Gm. 

Ipecac 0.05  Gm. 

1.obe1ia      .3.5  Gm. 

I^io-iphotus ^  mg.  suspended  in  macilac*,  permoullifh' 

fatty  degeneration). 

'  Note  the  effectiveness  of  diflercnt  ittimuli  in  brinf^nR  on  i.miii«lrfwi 
Blowing  on  the  frog  or  iairing  the  table  will  be  found  nmon|^  tbe  mo»l  rffa- 
live.  Sound  has  no  effect.  AIm)  note  that  very  weak  et«cchc  Munull,^ 
strong  enough  to  cause  convulMons  if  applied  to  the  skiti,  will  naiAomt 
applied  to  underlying  mujtcle  (the  muscle  of  the  nthrr  leg  t«  beat  bind  f- 
vioasly).      Very  strong  stimuli  will,  however,  surt  convulsions  firamhcreali* 


EXP.   II  :   MUSCLE. 


Quinin lo  my. 

ituiguinaria i.o  Kim. 

.Sodium  OxilAte  (Dcutral)  .   .  0.013  ^1^ 

Sodiiun  Nitrite o.oj  Giu. 

Squills 0.04  Gm. 

SUuphauthus 0.001  Gm. 

Vemlriii  or  ProUwenitrin     ,    .0.25  tng. 

Veminim  Viridc 0.05  Gm. 

Ziot  Sulpbattr,  ciyac  ....  o^ob  Gm. 


EXPERIMENT  II. 
EFFECT  OF  DRUGS  ON  SKELETAL  MUSCLE. 

Section  A. — I  (a).  Make  a  curare  experiment.  Pith  a 
frog,  brain  only.  Make  an  incision  in  the  skin  on  llie  tiiij^h 
over  Uic  course  of  the  sciatic  nerve.  Isolate  tins  nerve  and 
pass  under  it  a  stout  ligature.  With  this  tie  off  the  entire 
leg  witli  the  exception  of  tlie  ner\'e.  Inject  0.5  to  i  c.c.  of 
I  :  200  curara  solution.  Let  the  frog  get  under  its  influ- 
ence so  that  it  will  not  draw  up  the  unligated  leg  on  pinch- 
ing (10  minutes  to  half  an  hour).  Dip  the  foot  of  the  .sound 
leg  into  5J^  acetic  acid  for  a  short  time.  Note  that  the 
animal  does  not  draw  up  the  .sound  leg,  but  the  one  that  is 
ligated.  Wash  off  the  acid.  Make  two  muscle-nerve 
preparations.  Stimulate  the  nerve  of  the  ligated  leg  elec- 
trically, and  increase  the  distance  between  the  coils  to  the 
furthest  point  at  which  a  good  contraction  is  obtained. 
Stimulate  the  nerve  of  the  unligated  leg  with  the  same 
strength  of  current.  The  muscle  should  not  contract,  even 
if  the  current  is  considerably  strengthened.  Hy  placing  the 
electrodes  directly  on  the  muscle,  contractions  may  be  ob- 
tained from  either  leg. 

1  (b).  Kxcise  both  eyes.  Place  one  in  N.  S..*  the  other 
in  I  ^  PUysostt^min  in  a  dark  place,  and  note  size  of  pupil 
from  time  to  time. 

2  (a).  Use  gastrocnemii  of  this  experiment  to  show  effects 
of  caff  tin.  Arrange  coil  for  single  break  shocks  (p.  776). 
Use  10  Gm.  weight,  attached  at  same  distance  from  pivot  as 
the  muscle.  Take  a  normal  tracing.  Now  lay  the  nntsclein 
I  :  10,000  Caffdn  Citr.  in  N.  S.  for  five  minutes.  Take  an- 
other tracing.  Repeat  with  i  :  looo.  then  i  :  100  solution. 
Let  lie  in  the  latter  until  rigor  is  obtained.  Note  tlic  reac- 
tion of  a  cross-section  to  litmus.  Examine  the  muscle 
microscopically. 

'  N.  S.  =  Nccnuil  Salt  solution  (0.75^   NaCI  for  frogs  0.9$   for  mam- 
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2  (b).  On  the  other  muscle  determine  the  maximal  load:J 
Suspend  a  tin  bucket  in  place  of  the   lO  Gni.  weight, 
pnur  in  u-ater  until   the  muscle  is  just  unable  to  contractj 
Weigh  bucket  and  water.     Repeat  after  laying  in  i  :  lo.c 
I  :  lOOO,  and  i  :  loo  Caffcin  solution,  each  for  five  tninuteail 

3,  Place  one  of  the  other  muscles  of  the  frog  in  1  :  lO.OOO 
sapotoxin.     Try  excitabilit)'  from  time  to  time.  ™ 

Section  B, — I.  Pith  frog.     Excise  both  eves.     Place  on^ 
in  N.  S.,  the  other  in   i  %  Cocain,  both  in  dark  place,  and 
observe  pupils  from  time  tn  time. 

2.  Make  two  musclc-ncrvc  preparations.  Get  the  effects 
of  Quinin  s.  on  skeletal  muscle,  as  2,  Section  A.  Use 
I  :  50,000,  I  :  10,000.  I  :  1000,  and  I  :  lOO  solutions. 

3.  As  3,  Section  A. 


nium,S 


SUPPLEMENT  TO  EXPERIMENT  II. 

/.  Curttre  Experiment :  Tliis  ma)-  be  tried  with  Coniunx 
Camphor,  or  Lobelia,  in  the  doses  of  Experiment  I. 

2.  Height  of  Museuiar  Contriutifin  and  ^faxima/  Load: 
This  may  be  tried  with  Apouiorpliin  or  Pliysostignun. 
I  :  1000,  500.  200 ;  or  Saturated  Camphor  in  normal  sajL 


EXPERIMENT  III. 
EFFECT  ON  MUSCLE  AND  NERVE  {CmHmud). 

Section  A.— I.  Pith  a  frog.  Excise  hnXh  eyes.  Plia 
one  in  N.  S..  the  other  in  I  ^  Nieotin,  in  a  dark  pUcc.  Ob- 
serve from  time  to  time. 

2.  Make  two  muscle-nerve  preparations.  Layneiveof 
one  and  muscle  oi  other  in  o.  i  %  JVieotin  (N.  S.)  in  moirt 
chambt-T  (inverted  tumbler  or  hcll-jar).  Test  irritahiiiti' of 
muscle  and  of  nerve  in  botli  preparations  from  timclotinK. 
noting  greatest  distance  of  coils  wiiich  gives  noticeable  coiv- 
traction.  (It  is  better  to  scarify  tlie  sheath  of  llic  mmck 
with  a  needle  before  laying  it  in  tlic  Nicotin.) 

With  anoliier  frog  try 

3.  l^li>earpin  in  eye,  as  in  I. 

4.  I  fc  KCi  on  muscle  and  nerve,  as  in  2. 

5.  Take  one  of  tlic  other  muscles  and  lay  in  t  J{  C*ft 
and  try  excitability  from  time  to  time. 

Section  B. — Inject  j.^  mg.  I'eratrin  Sulphate  oro.05C^c 
of  Fluid  Extract  V^eratrumViride  and  note  results.    Assoc" 
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as  the  animal  shows  t}'pical  symptoms,  pith  and  make  two 
musclc-ncrvc  preparations. 

1.  Exdsc  the  eyes  and  place  one  in  N.  S.,  the  otlier  in  i  ^ 
Atropiu,  in  a  dark  place,  and  note  diameter  of  pupils  from 
time  to  time. 

2.  Get  a  typical  vcratrin  curve,  as  in  2  (a),  Experiment 

n. 

Note  the  effect  of  cold,  heat  (5®,  10*,  20**.  25°.  and  35° 
C).  and  fatigue  on  the  form  of  this  curve.  (Fatijjuc  is  ob- 
tained by  tctaniziiij;  the  muscic  until  it  gives  only  half  the 
original  height  of  contraction.) 

SCPPI.EMEN'T  TO  EXPERIMENT  III. 

A  (2):  Instead  of  Nicotin  one  may  use  :  Camphor,  satu- 
rated in  normal  salt;  Gu:midin,  \^  (N.  S.);  Lobelia  or 
Conium  (1  :  25  N.  S.);  or  Coniin  or  Lobelin.  0.3^  (N, 
S.) ;  and  the  drugs  of  3,  K.xpcriment  II,  or  Phosphorus 
(saturated  in  N.  S.). 

B  (2):  The  effect  of  cold,  heat,  and  fatij^ue  may  also  be 
studied  on  the  curve  of  tlie  drugs  of  2,  Experiment  U. 

EXPERIMENT  IV. 

EFFECr  OF  1>RUC;S  ON  HEART. 

Section  A. — I.  Curarize  a  frog.  (Set  up  Williams'  Ap- 
paratus, Fig.  75,  p.  488.) 

Pin  on  board  to  observe  circulation  in  foot  (Oc.  III.  obj. 
i  III).      Make  an  e.xact  drawing   of  a  small  vessel.      Inject 
into  lympli-sac  0.5  c.c.  Tincture  (^  ^S%)  Dtgitaiis ivnd  ob- 
serve the  same  vessel  from  time  to  time  and  note  changes 
in  its  diameter. 

2.  Apply  I  ^  Cocain  to  one  foot  of  another  frog  and 
note  scn.sitiveness  to  mechanical,  electric,  thermal,  and 
chemic  stimuli  from  time  to  time.  Compare  with  otlier 
foot. 

3.  Pith  the  second  frog.  Pass  a  thread  under  bulbus 
aortae  and  introduce  cannula  into  ventricle  through  cut  in 
aorti  and  tie  with  thread;  fill  cannula  with  cow's  or  mb- 
bit's  blood  diluted  with  equal  volume  N.  S..or.  if  this  is  not 
obtainable,  with  an  alkaline  zfe  solution  of  Gum  Arabic  in 
normal  salt.  Have  one  reservoir  of  the  Williams  apparatus 
filled  with  same  blood  or  solution.  Raise  reservoir  about  6 
to  8  inches.     Set  off  apparatus.     Observe  rate  of  heart  and 
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of  drops,  and  take  tracing.  Now  circulate  through  heart 
some  blood  (or  gum  solution)  containing  i  :  looo  Nicotin. 
Note  effects.  Wiicn  sccondarji-  quickening  is  ohscr\'cd,  cir- 
culate I  :  lOOO  Pilocarpin.  If  this  produces  slou-ing,  circu- 
late I  :  10,000  Atropin.  When  heart  is  quickened,  circulate 
I  :  looo  Physostiiimin.  Then  i  :  lOO  Digitalis,  all  in  blood 
or  in  the  gum  solution. 

Section  B. — Pith  seven  frogs.  Excise  the  eyes,  and  re- 
peat any  of  the  previous  experiments  which  may  have 
failed,  or  lay  them  in  J  :  lOOO  solution  of  tlie  follow-ing  in  a 
dark  place:  Muscariii,  Cnniin,  Gelseniinin.  Aconitin,  Apo- 
morphin,  keeping  a  control  of  each  in  N.  S. 

Expose  the  hearts  and  try  activity  of  vagus  trunk  and  of 
sinus,  then  apply  (in  N.  S.): 

1.  Aconite  i  :25Drug.  Try  activity  of  vagus  (trunk  and 
sinus)  in  the  various  stages. 

2.  Vcratrin,  i  :  2oo. 

3.  Quinin,  i  :  loo.ooo ;  let  act  for  twenty  minutes,  then 
I  :  5000. 

4.  Digitalis,  i  :  50  Drug. 

5.  Harium  chlorid,  I  :  loo  in  water. 

6.  Aponiorpliin.  i  :  200. 

7.  Ciimplior,  saturated  solution  in  N.  S. 
Renew  the  applications  ever}'  five  minutes. 
When  the  heart  stops,  see  whether  it  is  in  systole,  diastole, 

or  median  position.  Trj'  whether  it  can  be  started  by 
lightly  pricking  with  a  needle.  When  this  docs  not  suc- 
ceed, sec  whether  N.  -S.  saturated  with  camphor,  has  any 
effect.  (Former  =  paralysis  of  autonuttic  mechanism,  lat- 
ter, depression  cardiac  muscle.)  When  camphor  is  not 
effectual,  try  o.  1  J!&  Physostigmin.  Always  note  the  rate  and 
the  strength  and  regularity  of  the  beats,  as  well  as  compara- 
tive length  of  sj'stole  and  diastole.  Try  excitabiUt>'  d 
vagus  trunk  and  sinus  from  time  to  time.  Note  whether 
stoppage  is  systolic  or  diastolic.  If  the  latter,  try  o.t^ 
Atropin. 


SUPri.EMENT  TO  EXPERIMENT  IV. 

A  (l):  For  Digitalis  one  may  substitute  Quinin,  Physfr 
stigmin,  or  Nitrites.  Another  way  of  performing  this  experi- 
ment is  to  cut  off  a  toe  and  note  the  rate  at  which  the  blood 
drops,  before  and  al\er  injection  (curarization  would  not  be 
necessary). 
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A  (2):  In  place  of  Cocain,  one  may  use  Eucain,  Holo- 
cain,  Aconitin,  Carbolic  Acid,  Antipyrin — all  in  a  strength 
of  ifc 

A  ( 3) :  The  drugs  of  B  may  be  used,  in  about  the  same 
strength  as  given  there. 

B;  The  following  drugs  may  be  used  on  the  heart: 
Caffein,  i  :  10,000,  looo,  200,  lOO;  KCl,  2^;  Cocain,  Cu- 
rare, Nicotin,  Coniin,  Lobelin,  Gelsemin,  Spartein,  Physo- 
stigmin,  Pilocarpin,  all  i  :  looo  ;  Convallaria,  Strophanthus, 
Apocynum,  and  the  drugs  corresponding  to  the  above  alka- 
loids, I  :  25  ;  Phosphorus,  saturated  in  N.  S. 

EXPERIMENT  V. 
The  two  sections  exchange  the  experiments  of  IV. 


CHAPTER  XXXVI. 
WORK  ON  MAMMALS. 

EFFECT  OF  DRUGS  UPON  INTACT  ANIMALS. 

The  observations  must  bear  on  : 

(A)  Central  Nervous  System. — 1.  Stimulations:  Ex- 
aggeration of  reflexes.  Excitability,  choreiform  movements, 
convulsions  (character  of  convulsions)  with  or  without  loss 
of  consciousness. 

2.  Paralyses :  Drowsiness.  Incoordination.  Paralyses  of 
individual  muscles.  Depression  of  reflexes.  General  mus- 
cular paralysis  with  or  without  loss  of  consciousness.  In- 
voluntary passage  of  urine  or  feces. 

(B)  Respiration. — Rate  and  character. 

(C)  Pupils. — Dimension  ;  reaction  to  light 

(D)  Temperature. — Rectal. 

(E)  Secretions. — Flow  of  saliva. 

(F)  Circulation. — Rate  and  character  of  pulse ;  color  of 
mucous  membranes. 

(G)  Vomiting. — Quickness  of  action  ;  length  of  stage  of 
nausea  ;  amount  of  depression. 

(H)  Purgation. — Quickness  of  action  ;  amount  and 
character  of  stools. 
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Weight  and  sex  must  be  stated  in  all  experiments. 

The  time  required  to  produce  aii  action  should  be  noted 

Whenever  death  seems  imminent,  apply  the  appropriate 
physioIo}^ic  antidotes  and  see  whether  the  animal  can  be 
saved. 

Drugs  given  to  dogs  by  stomach  sliould  be  made  up  to 
25  to  50  c.c.  ;  drugs  given  to  dogs  hypodermically  sliould 
be  made  up  to  I  to  10  c.c;  intravenously,  25  to  75  c.c; 
drugs  given  to  rats  or  guinea-pigs  should  be  made  up  to  I 
to  5  c.c. 


I 


EXPERIMENT  I. 
Section  A. — 

1.  Dog's  eye,  Atropin.  then  Physostigmin,  each  \  *^. 

2.  Tartar  Emetic,   Dtjg.   Stomach  (lunetic).    20  cc.  of 

J.   Rhubarb,  Dog,  5  c.c.  i-.  E.,*  Stomach  (Purgative). 

4.  Hydrocyanic  Acid,  Guinea.  I  c.c.  I  ^  subcutaneously. 

5.  Vcratrum  Viridc,   Hypodermic,  Guinea.  ^-^  c.c.  F.  £. 

6.  Hydrochloric  Acid,  Guinea,  Rectal,  50  to  lOO  cc. 
\fo'  {When  effect  is  marked,  inject  2^  Na,CO,  intrapcri- 
toncaliy.) 

Section  B. — 

1.  Dog's  eye,  Nicotin,  ife- 

2.  Ipecac,  Dog,  Stomach,  i  c.c.  F.  E.  (Emetic). 
d.  Sulphur,  Dog  or  Guinea,  with  feed  (Pui^ative). 

4.  Nicotin.  Guinea,  small  drop  on  tongue. 

5.  Morphin.  Guinea,  1  c.c.  4^  hypodermic. 

6.  Arsenic,  Guinea,   hypodermic,    I  c.c.  of  i  :  1000  So 
Arsenate.     (Make  postmortem,  witli  especial  attention  to 
alimentary  canal.) 

EXPERIMENT  II. 
Section  A. — 

1.  Dog's  eye.  Cocain,  i  ^e  (Anesthesia  and  pupil). 

2.  Copper  sulphate,  Dog,  Stomach,  50  c.c.  I  Jt  (Emetic^ 

3.  Klaterin.  Cathartic,  Dog,  Mouth  (Purgative).  2  mg. 

4.  Strj'chnin.  Guinea,   hypodermic,    r   c.c,  i  :  400. 

5.  Struphanthus,  F.  E.,  Guinea,  hypodermic,  t  cc  of  the 
twenty  times  diluted  fluid  extract 

6.  Mercuric  chlorid.  Rat.  r  cc.  of  1  :  100  hypodcnnit 
(make  autopsy). 

'  F.  E.  =  Fluid  EKtnct. 
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Section  B. — 

1.  Dog's  eye,  PUocarpin  i^. 

2.  ZnSO,,  Emetic,  Stomach,  Dog,  50  c.c.  i  fo  solution. 

3.  MgSO^,  Cathartic,  Stomach,  Dog,  50  c.c.  5  'fo  solution. 

4.  Aconite,  Guinea,  hypodermic,  i  c.c.  i  :  1 50. 

5.  Cannabis,  Dog,  Stomach,  10  c.c.  of  Fluid  Extract. 

6.  Oxalic  Acid,  Rat  or  Guinea,  2  c.c.  5  %  Sod.  Oxalate 
hypodermic.     Harden  kidneys  and  examine. 

The  same  Drugs  which  were  used  on  Frogs'  eyes  may  also  be  applied  (o 
those  of  Mammals,  in  i^  solution. 

Supplentfni. — The  following  drugs  may  be  substitated.  These  may  also 
be  used  in  the  same  quanlilies  in  the  vivisection  experiments.  The  dose  is 
calculated  for:  Dc^s,  5  Kg.;  Rabbits,  i  Kg.;  Guinea-pigs,  300  Gm.;  Rats, 
ICO  Gm.     When  the  dose  of  the  drug  is  given,  (he  Fluid  Extract  may  be  used. 


TABLE  XVIII.— DOSES  FOR   MAMMALS. 
H  =  Hypodermic.  M  =  by  month.  V  =>  Intravenoas. 


Drug. 


Rabbit. 
(When  not  men- 
tioned =  J< 
duse  of  dog.) 


GfTUtBA. 


Aconite  . 


{ 

Aconitin  crysL < 

The  amorphooB  nntt  be  taken 

Amyl  Alcohol 

Ammonium  Chlorid 


0.05  Gm.  V. 
0.1  Gm.  H. 
0.5  mg.  H. 
0.3  mg.  V. 


(to  300  times)  stronger. 


0.5  mg.  H. 


Aotipyiin  .  .  . 
Apocynum  .  . 
Ap<Hnorphio  .  , 
Arsenious  Acid  . 
Atropin  .    . 

Barium  Chlorid 


Belladonna    .    .    . 
Benzoic  Acid     .    . 
Benzol    .... 
Cadmium  Sulphate 
Caffein  .    .    . 

Calcium  Chlorid   . 


Camphor 

Cannabis  Indica  .  .  . 
Carbolic  Add  .... 
Cantharidin  (Nephritis) 


o.2Gm.V(in 

%%  sol.). 
2  C^m.  H. 

10  mg.  H. 
25  mg.  M. 
5  mg-  H. 

O.  I  Gm.  V  (in 

S%  sol.). 
0.25  Gm.  H. 


0.15  Gm.  V. 
0.5  Gm.  H. 

5Gm.V(5Jii 
sol.}. 


o.S  Gm.  M. 
10  mg.  H. 


2.0  Gm.  H. 
10  c.c.  H. 


20C.C.  20%  M. 


5  C.C.  M.         . 

0.75  Gm.  H.    0.5  Gm.  H. 

10    mg.     H.  I  O.I  mg.  H. 

(dis.soIvedin  i 

dil.  NaOH). 


0.009  Gm.H. 


Inhalation, 
tec 30^  into 
peritoneum. 
0.15  Gm.  H. 
3Gm. 


0.5  mg. 
3  Cm.  H. 


0.12  Gm.  H. 
0.05  mg.  H. 
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Tabls  XVIIL— Doses  fok  Mamhals.— (CMntfimjM^.) 
H  —  Hypodennie.  M  —  by  month.  V  ^  Intiwrcfiotn. 


Drug. 


Ramit. 

(Wbamotmai- 

UoBcd-M 


GVIHEA. 


CSilonl 


Coca  . 
Cocain 


Cocculns  .  .  . 
Colchicum  Root 
Colchicum  Seed 
Ginium  .... 
Convalluia  .  . 
Cunmt   .... 


Digitalis 


Ergot 

Erytfarophlein 

Gelsemium 

Hellebore  Niger  .... 

Heroin 

Hydimstin  oi  Hydrastinin 
Hydrocyanic  Add    .   .    . 


Hyoscyamus 

lodin  (EfTects  on  Circulation) 


lodin  (Fever) 


Ipecac    , 

Lobelia , 

Mercuric  Cbloiid  (Nephritis)  . 

Nicotin 

Nitr<:^lycerin , 

Phosphorus , 


FhyMKtigma  .  . 
Physosligmin  .  . 
Picric  Acid     .    .    . 

Picrotoxin      .    .    . 

Filocarpin  .  .  . 
Pilocarpus  .  .  . 
Piperidin  .... 
Potassium  Cyanid 
Potassium  Chlorate 


Potassium  Chlorid 


aiGm.  V(in 

5?faoL). 
95  t.c  M. 
0.03  Gm.  H. 

2. 


a  3$  Gm.  H. 

50  mg.  V 
(in  0.5^ 
aombon). 

0.0410 1  Gm. 
V  (as  infu- 
sion). 

SOm.  H. 

Smg.  V. 


10  mg.  H. 
30  mg,  H  or 
M. 


aoi  Gm.  H. 


0.5  mg. 


H. 


2  mg. 


H. 


15  Gm.  H. 


ao75  Gm.  H. 
ai5  Gm.H. 
0.15  Gm.  H. 
0.035  Gm.  H. 


iGm.  H. 


3.0  Gm.  H. 
ao6Gm.H. 


3  Gm.  H. 


1.5  Gm.  H. 
3  Gm.  H. 


25C.C.  Serum 

containing 

i%iodin.V. 
3  c.c.  tincture 

H. 
I  Gm.  H. 
1.25  Gm.  H. 

I  C.C.  of  o.  I  ^  per  day,  H. 
25  mg.  H.      I  .    .  I 

I  mg.  H.         I  .    .  I 

I  C.C.  phosphorated  oil  every  second  day,  M 

(for  fatty  degeneration). 
10  mg.  H. 
I  Gm.  H. 
I  Gm.  II. 
5  ™ff-  H. 
0.5  Gm.  M. 
5  mg.  H. 
2.5  Gm.  H. 
0.1  Gm,  II. 


5  Gm.  H. 

0.5 Gm.  (2%) 
V. 


1.5  mg.  H. 


I  mg. 


H. 


I  mg.  H. 

Note  Methemoglobin  fonna* 

tion. 
o.i  Gm   V. 
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Table  XVIII. — Doses  for  Mahuals {Cimiin$ted.) 

H  •■  Hypodermic.  M  =  by  mouth.  V  =■  Intnvenotu. 


Drug. 


Rabbit. 
(When  not  men- 
tioned -  )< 
doM  of  dog.) 


GUIMBA. 


■■{ 


Quinin  Hydrochlorate  . 

Ridn 

Santoninateof  Soda  (G>Dvubion) 

Sanguinaria 

Silver  Nitrate  (for  Fever)   .   .   . 
Sodium  Aisenite 


Sodium  Cblorid    .    .   . 
Sodium  lodid    .    .    .    .   , 
Sodium  Oxalate  Neutral 
Sodium  Phosphate    .   .    . 
Sparteio  Sulphate     .   .    . 

Squills 

Strophaathus     .... 
Strophanthin     .   .    .   .   . 

StrjrchDin 

TurpeDtiDe  (Diuresis)  . 

Tobacco 

Veratrin 

Veratrum  Viride   .    .    .    , 
Zinc  Sulphate    .    .    .    .    . 


a2  Gtn.  M. 
lo  mg.  H. 

5  Gm.  H. 


0.5  Gm.  Vor 
H  fin  5^ 
sol.). 

10^  V. 

0.5  Gm.  H. 

o.i25Gm.  H. 
0.5  Gm.  H. 
0.05  Gm.  H. 
0.5  nog.  V. 
2  mg.  H. 
0.75  mg.  V. 
15  drops,  M. 
0.5  Gm.  H. 
10  mg.  H. 
0.2  Gm.  H. 
0.4  Gm.  V. 


(to  lower- N  excretion). 
(for  blood  pressure). 
0.07  Gm.  H. 


2  C.C.  2^  H. 


10%  V. 
35c.c.7^. 
o.i25Gm.H. 
2  c.c.  2%. 


1-25 


mg.  H. 


3Gm.  H. 


a  15  Gm.  H. 
0.005  Gm.  H. 

1.5  Gm.  H. 


0.15  Gm.  H. 


OPERATIVE  WORK. 
{To  ^€  dene  on  completely  anesthetized animab. ) 

In  the  following  experiments  rabbits  or  dogs  may  be 
used  indifferently.  In  case  an  anima!  dies  before  the  ex- 
periment is  completed,  another  animal  should  be  supplied, 
and  the  new  experiment  is  to  be  begun  where  the  last  one 
was  left  off 

Other  drugs  may  be  substitued,  in  the  Doses  of  Table 
XVIII. 

EXPERIMENT  111. 

EFFECT  OF  DRUGS  UPON  RESPIRATION  AND  BLOOD 

PRESSURE. 

(Mainly  Respiration.)- 

Aconite,  Ammonium  Chlorid,  Carbolic,  Na^SO^,  NaCl. 

Operatioil. — Insert  tracheal  cannula  and  connect  with 
bottle  and  tambour  for  respiratory  tracings.  Connect  caro- 
tid for  blood  pressure.     Insert  cannula  into  central  end  of 
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jugular  or  femoral  vein,  Bll  with  normal  salt  solution,  and 
connect  wrth  burette  for  injection.  Use  two  drums  for 
taking  the  tracings. 

Experiment. — I.  Aconite  (therapeutic  doses). — Inject 
hypodcrmically  0.15  Gm.  per  Kg.  of  Aconite  (or  1  mg.  per 
Kg.  of  Acotiitin  in  2  :  locx?  solution).  Allow  this  to  act 
until  a  slowing  of  the  heart  and  a  fall  of  blood  pressure  are 
obtiincd. 

2.  Ammonium  Chlorid. — Inject  intravenously  o,  I  5  Gm. 
per  Kg.,  .ind  observe  until  typical  results  arc  obtained. 

3.  Carbolic  Acid. — Inject  h\'podcrniicall>'  5  mg.  per  Kg. 
in  2  :  1000  solution.  Allow  this  to  act  until  death  seems 
imminent.  Mcanuhile  fill  burette  with  i  ^  solution  tjf 
sodium  sulphate.  Wlicn  blood  pressure  has  fallen  almost 
to  zero,  inject  rapidly  about  25  c.c.  per  Kg.  of  the  sodiuni 
sulphate  intravenously. 

4.  NaCl. — When  minimal  has  returned  to  near  normal, 
run  into  vein  a  10^  solution  of  sodium  chlorid  at  the  rate  of 
about  I  c.c.  per  Kg.  per  minute,  until  death. 

n.  Peripheral  Action  on  Blood-vessels. — In  this  or 
in  any  other  animal  which  dies  early  in  the  experiment,  open 
the  inferior  vena  cava,  connect  the  central  end  of  U»e  carotid 
with  the  injection  burette  raised  fairly  high  or  connected 
with  the  pressure  apparatus,  and  inject  50  c.c.  of  tlie  follow- 
ing, noting  the  time  required  for  the  injection  : 

Water. 
Clilurofurm  water. 

DigitaliH 1 :  loo. 

BaCi,  t :  raa 

Tutat  Emetic 5^. 

EXPERIMENT  IV. 
CARDTOWYOGRAM  AND  BlAiOD  PRESSURE. 

Curare.   CaflTein,    Nicotin,    Atropin,   Aconite,  NaCl,  Supra- 
renal. 

Operation. — Prepare  for  artificial  respiration.  Connect 
carotid  lor  bluud-pressurc  tracings.  Put  injection  cannula 
into  vein.  Set  up  apparatus  for  cardioinyogram.  (Use  two 
drums.)  For  takinij  the  cardio myogram,  a  bent  pin  w 
hooked  into  the  apex  oX  the  exposed  heart  From  this  a 
thread  passes  over  aglass  rod.  which  acts  as  a  pulley,  to  the 
muscle  lever  (Fig.  96). 
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Vrcs 

Ham 


Note  after  each  drug  wlietlier  <^ttmulation  of  the  vagus  is 
eflective  on  the  lieart;  and  of  the  cenical  sympathetic  on 
the  pupil,  and  on  the  ear  vessels.  (The  sj-mpatlictic  in  tlic 
dog  runs  in  the  va^iis  sheath,  and  it  suffices  to  stimulate 
the  central  end  of  this  nerve.  In  the  rabbit  it  is  separate, 
and  foriTi5  the  middle  sized  of  tiie  three  nerves  lying  near 
the  carotid.') 

Experiment. — I. — Inject  intravenously  i  c,c.  per  Kg.  of 
10.5^  sohition  of  Curare  even,-  ten  minutes  till  stoppage  of 

ipiration.  Attempt  to  revive  respwration  by  inhalation  of 
iammonia  or  dashing  on  of  cold  water.  Begin  arti6cial  res- 
piration, tap  the  bladder,  and  examine  the  urine  for  sugar. 


=  3 


BH] 


i''ig.  96. — CafdioQiyogrnph. 


Then  expose  tlie  heart  and  connect  for  myogram.     Take 
normal  tracings. 

12.  Inject    subcutaneously    20    mg.    per   Kg.    of  Caffein 
cUraW.     Allow  tliis  to  act  until  lieart  is  quickened. 
3.  Inject  subcutaneously  5  mg.  per  Kg.  of  Nkotin  (or 
1  C.C.  per  Kg.  of  \o^/c  tincture  of  tubacoo).      Alloiv  this  to 
act  until  quickening  of  the  heart  is  obtained. 

14.   Inject  subcuLincously   i  mg.   per  Kg.  of  Attopin  sul- 
phati  (or  0.05  C.C.  per  Kg.  of  I**.  E.  lielladonna). 
S.  In  fifteen  minutes  inject  Aconite,  i  ex.  per  Kg.  of  the 
F.  E.     Allow  this  to  act  (up  to  thirt>'  minutes)  until  the 
heart  about  strtps. 
H      6.   Mcmwliile  fill  the   injection   burette  with  nonnal  salt 
^^ solution  :  and  when  this  point  is  reached,  inject  intravenously 
about  25  c.c.  per  Kg.  of  this. 

■      7.   Inject  intravenously  suprarenal  extract  corresponding 
to  O.I  Gm.  per  Kg.  of  the  dried  gland. 

8.  Kill  tlie  animal.     Insert  a  cannula  peripherally  into  the 
femoral  artery  of  one  leg,  and  inject  a  few  cubic  centimeters 
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of  cMoroform.     Compare  the  onset  of  rigor  \x\  this  and  in 
llic  other  leg. 

In  this  or  any  other  experiment,  the  intestine  may  be  re- 
moved, and  the  parasite  always  seen  in  the  dog  placed  in 
N.  S.  at  40^  C.  The  various  anthelmintics  (see  Chap. 
XXX,  F)  can  be  added  and  the  effect  on  tlie  movements 
noted. 


EXPERIMENT  V. 

(DOG).     EFFECT  OF   DRUGS  (.1)  (JN  ARTERIAL  AND  VENOUS 

PRESSURE.     (*)  AtTER   LIGATION  OF  AORTA  AND 

VENA  CAVA. 

{a)  Strychnin.  Nitroglycerin,  F.  E.  Ergot,  BaCl^ 
{p)  Strophanthu.s,  Stryclmin,  Chloroform,   KC!,  Camphor. 

(a)  Operation. — Connect  carotid  artery  for  blood-pres- 
sure tracing.  Insert  cannula  into  central  end  of  femoral 
vein  nnd  connect  with  water  manometer. 

Experiment. — I.  Inject  hypodermically  0.2  mg.  per  Kg. 
oi  strychnin  sulphate. 

2.  In  ten  or  fifteen  minutes  inject  hypodennicaUy  i  cc 
per  Kg.  of  3  :  1000  nitroglycerin;  or  It-t  the  animal  inhale 
a  few  drops  of  amyl  nitrite. 

3.  In  ten  minutes  inject  hypodermically  t.5  c.c.  per  Kg. 
of  F.  E.  Ergot  (or  15  c.c.  per  Kg.  of  10  Jj  Infusion,  intra- 
venously). 

4.  When  the  effect  of  these  are  manifest,  inject  hypoder- 
mically 2  mg.  per  Kg.  of  barium  clUorid. 

(b)  Operation. — Put  cannulas  into  the  other  carotid  ar- 
tery and  into  one  jugular  vein,  and  connect  them  by  means 
of  a  "Y"  piece.  Fill  the  connections  with  normal  «alt 
solution.  Connect  the  remaining  piece  of  the  "  Y  "  with  a 
burette  and  pressure  apparatus.  Place  a  screw-clamp  on 
the  pressure  apparatus  (I'^ig.  48,  p.  248)  tubing  on  the  side 
of  the  artery.  Take  oflT  the  bulldog  forceps,  thus  connect- 
ing the  artery  and  vein  into  a  short  circulation. 

Begin  artificial  respiration.  Open  the  abdomen  and  ligatc 
the  aorta  and  vena  cava  as  high  as  possible  (this  largely 
excludes  peripheral  vessels). 

Experiment. — Inject  by  means  of  the  pressure  apparatu.% 
and  burette  into  the  vein  about  10  c.c.  of  the  following  solu- 
tions, made  up  with  normal  salt  (the  cfifectivencss  of  vagus 
stimulation  may  be  noted) : 

I .  Stropltanthus,  \  :  200a 
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Acuuile I  :  500 

Aaiiiitin 1  :  50,000 

Aiiupii) I  :  50CM 

ApuiEMirphia    .    .    .  I  :  lOOO 
CaHciii  Citnte     .    ,  I  :  icx)0 

ChlonI I  :  too 

Cucaii) I  :  2O00 

Disilalia     .    .    .    .  1  :  10,000 


Digitalis  lO  cc  10^  Infusicn 
Hclleborcin     .    .    .  I  :  5000 

Nicotin I  :  200 

Fhj'suslii^nn  .    .    .  I  :  5000 
Pilocarpin    ....  I  :  lOOO 
Quinin              .    .    .  I  :  3000 
Supturciui]  (dry)         I  :  30 
Vcralrin I  :  lo.ooo 


2.  When   the   heart  is  markedly  slowed,  inject  into  the 
irein  strychnin,  i  ;  50,000. 

3.  In  about  ten  minutes  inject  cMoroform  water. 

4.  If  the  heart  recovers  from  this,  inject  about  5  cc.  of 
'l  ^  potassium  chlorid  .solution  every  ten  minutes.      Tliis  uiil 

cause  the  pressure  to  drop  suddenly,  and  the  iieart  will  be- 

»come  vcr>' irregular,  and  even  stop.  It  should  be  attempted 
to  start  it  again  by  rhythmic  compression  of  the  ttiorax  in 
the  cardiac  region.  At  the  same  time  lo  cc.  of  camphor 
water  should  be  injected. 

I  One  may  also  use  the  following  : 
; 
p  EXPERIMENT  VI. 

EFFECT  OF   DRUGS  UPON    DIURESIS.  INTESTINAL  VESSELS. 

I  OUTFLOW  FRO.M  VEIN,  AND  BLOOD  PRESSURE. 

Normal  Salt,  Theobromin  Salicylate.  Chloral,  Nitroglycerin, 
Digitalis,  Ciiffein,  Rigor. 
I.  Operation. — Connect  tlic  carotid  for  blood  prcs.sure. 
Open  the  abdomen,  draw  out  the  bladder,  insert  a  bladder 
cannula  (Fig.  97)  {}i  the  animal  is  a  rabbit) 
by  first  passing  a  ligature  around  the  neck 
B-of  the  bladder  and  then  making  an  incision 
^und  t\-ing  in  the  cannula,  being  careful  not 
Bto  include  ureters  in  the  ligature.      In  the 
case  of  dogs  insert  thin  glass  tubes  directly 
into  the  ureters.     Connect  the  burette  with 
Hthe  femoral  or  jugular  vein  for  injection. 
Count  the  number  of  drops  of  urine  per 
minute. 

§  Experiment. — 1.  Inject  intravenously 
25  cc.  per  Kg.  of  0.9JI  solution  of  NaC! 
<or  2  %  NajSOj.  or  water). 

2.  When  the  flow  of  urine  diminishes,  again  inject,  hypo- 
dermically.  50  mg.  per  Kg.  of  thfobromin  salicylate  (diuretin). 

flf  tiiuc  permits,  the  niliu  ol  organic  consliiucnt-i  and  of  the  different  salts  id 
|,tfie  urine  mtr  be  dclennined  quantitatively  before  and  after  iDJectioiL) 
$1 


U 

Fig.  97.— Bladder 
caunula. 
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Expose  the  intestine  and  note  its  apfxiarance.  Cut  a  small 
vein,  say  uu  the  uar,  and  note  the  number  o{  drops  of  blood 
flowing  from  it  in  a  unit  of  time. 

3.  Inject  Chloral,  0.5  Gm-  per  Kg.,  into  stomach.  Note 
especially  the  eflect  upon  blood  pressure  and  outflow, 

4-  Inject  hypofiermically  l  c.c.  per  Kg.  of  |  :  lOOO  nitro' 
glycerin.     Observe  as  above. 

5.  Inject  hypodcrmically  ]  c.c.  per  Kg.  of  Tincture  of 
Digitalis,  and  observe  the  urine  and  outflow  from  vein,  slow- 
ing of  the  heart,  and  rise  of  blood  pressuns. 

6.  Then  inject  5  ^  Digitalis  intravenously  until  death. 

7.  Insert  a  cannula  into  the  peripheral  end  of  femoral  vein 
and  inject  2^/0  solution  of  Caffdn.  Note  the  onset  of  rigor 
in  this  as  compared  with  the  <>t!icr  leg, 

II.  Drugs  on  Exposed  Intestine. — I.  Apply  to  the  ex- 
posed intestine  a  drop  of  i  fc  solution  of  Phy-sosligmin. 

2.  .'\t  another  place  a  crystal  of  NaCI. 

3.  At  another  place  a  cr)'stal  of  KCl. 

4.  At  another  place  a  drop  of  loji  Barium  Chlorid. 
Note  the  appearance  of  constrictions,  whctlicr  they  arc 

circumscribed  bands  or  whether  they  spread  and  in  which 
direction. 

Note  whether  the  constriction  is  relieved  by  the  applica- 
tion of  I  ^  Atropin  or  of  I  ^  Apomorphin. 

in. — ^Take  otlier  bits  of  intestine,  about  two  inches  long, 
and  place  them  in  l  :  500  solutions  of  the  following  in  N.  S. 
at  40°  C: 

Nicotin,  then  Atropin. 

Physosti^'min,    "  '• 

Muscarin,  '*  " 

Pilocarpin,  "  *' 

CorJin, 


;or 

J 


EXPERIMENT  VII. 

DRUGS   ON    BLOOD    PRESSURE.   PERISTALSIS,    RESPIRATION 
(LEVER),  PERIPHERAL  VESSELS. 

Ammonia,  Ipecac,  Nicotin,  Atropin.  Physostigmin. 
1.  Operation. — Connect  the  carotid  for  blood  pressure. 
Make  an  incision  in  abdomen,  and  insert  a  glass  rod  between 
the  liver  and  diaphragm.  Connect  free  end  with  a  muscle 
lever,  for  respirator}*  tracings.  Use  two  drums.  Note 
peristalsis  and  intestinal  congestion. 
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Experiments. — 1.  Let  the  animal  inhale  some  ammonia 
water. 

2.  Inject  hypodermically  Apormorphin,  i  mg.  per  Kg. 

3.  Inject  hypodermically  o.  i  Gm.  per  Kg.  of  Ipecac. 

4.  Inject  hypodermically  Nicottn,  i  mg.  per  Kg.  (or 
tobacco,  0.2  c.c.  per  Kg.). 

5.  Atropin,  i  mg.  per  Kg.,  or  0.05  c.c.  per  Kg.  F.  E. 
Belladonna. 

6.  Physostigmin,  2  mg.  per  Kg.,  or  o.oi  Gm.  per  Kg.  of 
Physostigma. 

n.  Effect  of  Drugs  upon  Peripheral  Vessels. — Bleed 
the  animals  to  death.  Rapidly  open  the  thorax  and  tie  a 
cannula  into  the  peripheral  end  of  the  aorta  and  connect 
with  burette  and  pressure  apparatus.  Begin  to  inject  nor- 
mal salt  solution.  Insert  a  cannula  into  the  central  end  of 
the  femoral  vein.  Notice  how  much  blood  flows  out  in  a 
unit  of  time. 

Inject,  successively,  the  following  drugs,  diluted  by  a 
mixture  of  one  volume  of  blood  and  five  volumes  of  normal 
salt  solution  : 

Chloral,  i  :  100. 

Nitroglycerin,  i  :  looo. 

Tincture  of  Digitalis,  I  :  100. 
Hydrastinin,  i  :  looo. 

Dried  Suprarenal,        i  :  100. 


PART  IV. 
APPENDIX, 


I.    METHODS    OF    ANALYZING    THE    CAUSES    OF 
PHARMACOLOGIC  ACTIONS. 

An  attempt  is  made  in  tliis  section  to  bring  together  tlic 
more  important  methods  employed  in  pharmacologic  re- 
search. 

For  the  action  of  Drugs  on  the  Mammalian  Heart  see 
page  246;  Intestine,  see  page  305  ;  I*upil,  sec  page  254; 
Glands,  see  pages  252  and  271  ;  Urine,  see  page  507  ;  Tem- 
perature, see  page  347. 

As  a  rule,  it  is  first  determined  whether  a  given  action  is 
the  result  uf  a  paralysis  or  of  a  stimulation.  If  the  former, 
it  is  abolislied  by  stimulation — if  tlic  latter,  by  paralysis — 
beyond  the  seat  of  the  action.  By  successive  stimulation  or 
paralysis  of  the  different  structures  which  may  be  involved. 
tJic  exact  scat  of  the  action  is  then  located.  But  in  doing  this, 
it  must  be  borne  in  mind  that  a  very  strong  stimulation  may 
overcome  a  weak  paralj'sis. 

Stimulation  may  be  done  electrically  or  b>'  drugs;  paral- 
ysis, by  drugs,  section,  or  exci.sion  (or  temporarily  by  the 
application  of  cocain). 

I.  ACTION  OF  DRUGS  ON  THE  FROG'S  HEART. 
The  action  is  twrinms  when  it  cannot  be  obtained  tv-pi- 
cally  after  atropin  ;  musatlar  if  atropin  docs  not  interl'cfC. 
I.  A  Drug  produces  Standstill.      The  heart  may  Ix:  in 
(A)  Medium  Position       Paralysis  of  Muscle.     It  cajh 
not  be  started,  or  will  at  most  give  a  few  beats,  when  o.  I  j( 
Atropin.  saturated  Camphor,  and  electric  stimulation  are  ap- 
plied.     If  it  contracts  at  all,  the   paralysis  involves  mainly 
the  rhythmic  property. 

Here  belongs  the  liiml  action  of  altnud  oil  {Kncuns  cicepl  Ihtne  aiulrr  tC) : 
especial lyA^MMuoriih in,  Cupprr,  Acunite,  Chloral,    Quinin,   Cocftin,   CjliUJk 

ETDUp. 
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(B)  Systolic    Position  =  Overstimulation    of    Muscle  : 

Until  it  goes  into  rigor,  the  heart  can  contract  against  a 
large  resistai^ce  if  forcibly  distended.  The  condition  is  pre- 
ceded by  arliythniia  and  peristaltic  contraction. 

Here  bclungs  llie  Digilalis  giuup,  also  veralriii,  barium,  alkalies,  clc. 

(C)  Diastolic  Position  =  Stimulation  of  Vagus  Mechan- 
ism.    It  can  be  removed  by  o.  i  J^  Atropin  : 

The  seat  of'  the  stimulation  may  be  : 
/.  Central :  The  heart  beats  again  if  the  vagus  trunk  is 
divided. 

(Picrotoxin.) 

2.  Pregangliotiic :  (l)  is  ineffectual,  but  the  heart  beats 
again  if  o.  i  ^  Nicotin  is  applied. 
( Pilocarpi  n.) 

y.  Postganglionic:  (i)  and  (2)  are  ineffectual,  but  the 
heart  beats  again  if  o.  i  fo  Atropin  is  applied. 

(Muscarin,  Phj-so^tigmin. ) 

II.  A  Drug  Produces  Quickening  or  Strengthening. — 
The  effect  is  probably  a  stimulation  of  the  cardiac  muscU. 
If  SO,  it  can  be  reproduced  alter  atropin.  A  stimulation  of 
the  accelerator  endings  cannot  at  present  be  excluded. 

Here  belong  the  early  iitages  of  most  poisons,  particularly  Digitalis  8vrie», 
FhjiioMigmin,  Camphor,  etc 

in.  A  drug  produces  little,  if  any,  change  in  the 
normal  heart,  but  prevents  the  effects  of  stimulation  of 
the  inhibitory  mechanism : 

1 .  At  the  sinus  =  Paralysis  of  vagits  endings. 
(Atropin. ) 

2.  Not  at  (i),  but  at  thf  vagus  trunk  =  Paralysis  of 
vagus  ganglixi. 

(Nicotia,  CuDUu,  Cocaia,  Cuiare. ) 


II.  FROG'S  REFLEXES.  ETC. 
I.  The  reaction  time  is  shortened :  This  may  be  due 


(A)  Increased   reflex  excitability  of    the   cord — occurs 
after  section  of  medulla. 

(Strychnin,  CafTein,  etc.) 

(B)  Lessening   of    higher    inhibition — does    not  occur 
after  section  of  the  nicdiilla. 
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U.  The  reaction  time  is  slowed  or  all  reaction  is  abol- 
ished— 

(A)  No  matter  where  the  stimulus  is  applied : 

/.  Dipnssiott  of  tht-  Rejhx  Activity  of  the  Cord. — Stimu- 
lation of  sciatic  causes  contraction. 

(Carbolic  Acid,  C«mphor  in  frog,  ami  most  deprcMani  poiioiu.) 

3.   Curare  Action. — Stimulation  of  the  nerve  is  less  effec- 
tive than  stimulation  of  the  muscle. 
(Cunre-NicotiD  series.] 

J.  Paraiysis  of  Musdc. — Direct  stimulation  of  the  muscle 
is  ineffective.     Tlie  muscle  may  be  : 

[a)  Paralysed :  it  is  soft  and  usually  has  an  alkalme  re- 
action. 

( Copper — Tery  strong  doses  of  mosl  drugs. ) 

(^)  ///  Rigor :  it  is  hard  and  has  an  acid  reaction. 

(Coffcin.) 

(B)  The  reflexes  are  diminished  only  from  those  parts 
which  have  been  touched  by  the  drug.  There  is  a  paral- 
ysis of  the  afferent  nerves.      This  may  be  in  : 

/.  TJte  tiert't'-Jibers :  Obtained  best  on  subcutaneous  injec- 
tion and  lasts  long. 

^inputoxtn. ) 

£.  The  neme  endings :  Equally  well  on  painting  on  the 
surface ;  short. 

(C«KAin. ) 

III.  The  frog  keeps  the  part  to  which  the  poison  has 
been  applied  in  constant  movement :  local  sensory  irrita- 
tion, pain, 

(Acids.) 

111.  FROG'S  MUSCLE-NERVE  CHAIN. 
The  intict  animal  shows  ; 

1.  Motor  Paralysis.     This  may  be  : 
(A)  Central :  .Stimulation  of  the  nerve  is  still  effective. 

The  seat  may  be  in  : 

/.  7V/<-  Jirain  .•  The  reflexes  are  still  active.  The  phe- 
nomena produced  by  paralysis  at  different  levels  are  given 
under  Morphin,  page  198. 

(Early  stages  of  til  narcotics.) 

2.  The  Cord :  No  reflexes. 
(Camphor,  Quinin,  Curbolic,  Cocaia,  etc.) 
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(B)  Peripheral :  Stimulation  of  the  nerve-trunk  has  no 
effects.  The  paralysis  may  be  in  the  endings  or  muscle, 
sec  p^c  806,  II,  A, 

II.  Motor  Stimulation.     Tliis  may  be  : 

(A)  Central :  .VboUshcd  by  successive  destruction  of  the 
central  nervous  system.  Tlie  exact  location  may  in  this 
way  be  noted.  It  should  be  recorded  whetlier  the  convul- 
sions are  idiopathic  or  reflex. 

(Mc(h)lU=:  Picrotoxiii;  Cord  =  Strychnin,  CafTcin;  Bnin  =  Atropin, 
Cocain.) 

(B)  Peripheral :  Not  abolished  by  section  of  the  nerve  ; 
usually  consists  in  twitching  or  increased  force  or  length- 
ened time  of  contraction     It  may  be  in  : 

/.   The  Eudings:  Abolished  by  Curare. 

(Nicotin,  Aconidn,  cic.) 

2.   The  MuscU-fibers :   Not  so  abolished. 
(Pbysosiigmin,  Venitrin,  Caffein.) 


I 


I 


I 


IV.  ON  ARTERIAL  BLOOD  PRESSURE. 

I.  The  Pressure  Rises.     This  may  be  due  to : 

(A)  Increased  Efficiency  of  the  Heart:  The  pressure 
rises  in  both  arteries  and  veins.  No  diminution  in  size  of 
organs. 

(B)  Vasoconstriction.  The  scat  of  the  stimulation  may 
be: 

X,  Central :  Different  vascular  areas  arc  variously  af- 
fected. Tlie  veiiou.s  pressure  rises  in  the  leg  if  the  drug  is 
injected  after  section  of  the  sciatic.  To  distinguish  between 
the  different  parts  of  the  nervous  axis,  these  may  be  cut 
successively,  or  blocked. 

(Strychnin,  CaFein,  cIc.) 

Stimulation  may  be  rt'ji^x  or  Uom  cofivnisivns  or  asphyxia. 
These  must  be  excluded. 

a.  Peripheral :  Constriction  occurs  in  all  areas.  Effect 
tl»e  same  after  section  of  sciatic  nerve.  The  stimulation  may 
be  in ; 

{a)  Tkt  nerve  endings :  No  constriction  can  be  obtained  in 
excised  organs  after  a  short  time. 

(Supnrenal. } 

(^)   Tlie  muscle :    The  constriction  persists  much  longer, 

{Ergot} 
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II.  The  Pressure  Falls.     This  may  be  due  to  : 

(A)  Oiminisbed  Efficiency  of  the  Heart:  The  venous 
pressure  falls  in  both  arteries  and  veins.  No  increase  in  si£c 
of  organs.  The  pressure  remains  low,  even  if  aorta  is 
clamped. 

(B)  Vasomotor  Paralysis:    The  seat  of  this  may  be: 

X.  Central:  The  stimulation  of  the  peripheral  end  of 
splanchnic  or  sciatic  causes  rise  in  pressure  in  the  part  sup- 
plied, The  drug  has  little  effect  if  used  after  chloral.  As- 
phyxia docs  not  produce  any  rise. 

(CblumU  CbloroftjniJ.) 

.a.  Peripheral : 

{tj)  JVfnv  tndift^s  are  paralyzed  :  The  dilatation  b  great- 
est in  areas  rich  in  vasomotor  nerves. 

{Nitrites.) 

(p)  Muscle -Jiba'S  are  paralyzed  :  The  dilatation  is  general. 
(Nitrites.) 

(r)  Ctipiilarifs  are  paralyzed  :  Kdema  is  easily  produced 
by  the  intravenous  injection  of  large  quantities  of  normal 
salt  solution.  Stimulation  of  peripheral  end  of  vasocon- 
strictor nerves  still  ctlective. 

(Melals.) 
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V.  INCREASED  RESPIRATION. 

I.  Stimulation  of  the  Respiratory  Center  may  be  due 
to: 

(A)  Insufficient  Oxidation  of  the  Blood : 

1.  Through  mechanical  hindrance  :  The  volume  of 
air  does  not  correspond  to  the  violence  of  the  effort.  The 
obstruction  may  be  by  : 

(a)  Mucus:  Rales. 

{Filocarpin.) 

(^)  Constriction  of  the  bronchial  musc/cs.  The  latter  may 
be  direct  or  reflex.  Reflex  stimulation  would  be  abolished 
by  section  of  tlie  vagi. 

2.  Through  changes  in  the  circulation  :  inefficient 
work  of  tlie  heart  or  vasodilatation. 

(Cardiac  dcpres-sant. ) 

3.  Through  chemic  changes  :  _ 
(a)  In  the  blood  (as    Methemoglobin    formation,  see  p. 

372). 
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(d)  Increased  tissue  waste  :■  Increased  CO,  and  N  excre- 
tion. 

(Hyperpyrexia.) 

(B)  Reflexly  from  Pain  or  Convulsions. 

(Strychnin.) 

(C)  Direct  Stimuiation  1^  tlie  drug:  shown  by  exclu- 
sion of  the  above.  The  respiratory  reflexes  are  unusually 
active. 

(Strychnin,  Cafiein,  Ammixiia.) 

n.  Diminished  Respiration  may  be  from : 

(A)  Paralysis  of  the  Muscles  or  Ending^s :  Stimulation 
of  the  muscle  or  of  the  phrenics  not  effectual. 

(Curare.) 

(B)  Apnea :  disappears  in  a  short  time. 

(C)  Paralysis  of  the  Center : 

/.   T/irough  Anemia :   Disappears  if  the  aorta  is  clamped. 

(Nitrites. ) 

2.  Direct:  Through  exclusion.  The  paralysis  may  be 
primary  (Ether),  or  it  may  be  secondary  to  asphyxia  ;  i.  e., 
preceded  by  dyspnea  (CO). 

J.  Reflexly:  Irritant  vapors. 


(Ammonia.) 


u. 


TABLE  XIX.— THE  CRUDE  ORGANIC  DRUGS  BY  ORDERS. 

(Adapted  from  Malsch's  "  Organic  Materia  Medica."} 

I.  Of  Animal  Origin. 


J     Grou?  to 

Ordbk. 

Origin. 

Drug.  - 

P*»T  II*im          WHICH  THE 
PART  USED,    p^yg  MaINLV 

BE1.0NGS. 

MammaHa: 
Rodentia .... 

Castor  Fiber. 

Castoreum. 

Preputial  fol- 
licles. 

Volatile  oil.  Re- 
flex     medul- 

Caraivora .  .  . 
Ruminantia    .  . 

Viverra  Zibetha. 

Moschus    moschi- 
fenis. 

Civet. 
Moschos. 

Special 

glands. 

Preputial  fol- 
licles. 

lary  stimu- 
lants. 

Volatile  oil.  Re- 
flex medul- 
lary stimu- 
lants. 

Volatile  oil.  Re- 
flex     medul- 

Bos Taunu. 

Fel  Bovis. 

Bile. 

lary    stimu- 
lants. 
Ctiolagogue 
cathartic. 
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Tkk  Cxum  Oroahic  Dedoi  by  Oiu»u  (op  Akihal  Okigim)  .—(£««• 

tlHfUii.) 


GvOUr  TD 

Okdbr. 

Okuhx. 

Dkog. 

Pakt  Vwmd. 

which  tum 
Dkdc  Maihlv 

Belonoi. 

Mammtalia! 

■IflflDftltflOtttI 

Lac  yacdniMB. 

Milk. 

NBtrienL 

Botjmun. 

BoUcr. 

Natrient. 
RmolUMt. 

Gdatlna. 

Gdatln. 

NntrtenL    D» 
nnlcmL 

OvliAila. 

Sevam. 
Ad«|w    Ijune 
Hydrama. 

Soet. 
WooMat. 

BnM^lcot. 

SoBWroCft. 

PcpwDBm. 

FancreatinOm. 

.  .  . 

PCffSMttt* 

M 

Adcpa. 

Fat."  ' 

BmoIUcM. 

Cetacea    .... 

PnyMtef     macro- 
ccpbalus. 

Cetaccnm. 

FaL 

Aveti 

GallitMB    .... 

Amt>ia  fx*'^^ 

Pcrfnsw. 

GaUns  BaoUra. 

Oram. 

^S^iAtn- 

Wiitniwf. 

AlbomcnOvi. 

Nttr*nt>I'ter- 
Wntrtrtjaacy. 

\nteniuOvl. 

Yolk  of  ^ 

laglBvio. 

FcnBcatfnm 

crop. 

Fcracst. 

Piteet: 
Teleoatia.  .  .  . 

Gadua  Morriina. 

Oleum    Morr- 
hac. 

OUezpnaaed 

Notrirnl. 

StnrioDca    .  .  . 

AclpCOMT  Hiuo. 

Ichthyocolla. 

Gelatin  fron 
nrinualoK 
biHlder. 

Piotffdiyfc 

Ms f eta  .• 

Hymenopten    . 

Apis  mdllfiea. 

Ceniflava. 
Cera  alba. 

}Wax. 
Honey. 

EmoUcnL 

Mel  despuma- 

Sacchirine 

tum. 

flavor. 

Coteopteni  .  .  . 

Cantharis    vesica- 

toria. 
CaothariB  vittata. 
£  p  i  c  a  u  t  a    Gor- 

rhami. 
Mylabris  cichorii. 

Cantharis. 

(PoUto  fly.) 

Dried      ani- 
mal. 

Dried      ani- 
mal. 

Dried      ani- 
mal. 

Dried      ani- 
mal. 

Dried      ani- 

Canlbaridin. 

Btatu  orientalis. 

(Cockroach.) 

" 

Hemlptera  .  .  . 

Coccus  Cacti. 

Coccus. 

PicmcnU. 

mal. 

II.  Of  VegeUMe  Origin. 


Grout  to 

Ordbr. 

Origin. 

Drug.) 

Part  Uskd. 

which  tmi 

Drug  Hahhv 

BaLONca- 

RanuncutaccK  .  . 

Anemone  prat  en- 
sis. 

Anemone  Hepa- 
lica. 

Ranunculus  bulbo- 

SUB. 

Heib. 

Leaves. 

Heib. 

Cantharidio. 

Coptis  trifolia. 

(Golden- 

thread.) 

Hefb. 

Hydnstio- 

*  When  the  name  of  the  drug  is  not  givea,  it  is  identical  with  the  ccnerie  dsbc  <' 
the  plant. 
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The  Crude  Organic  Drugs  by  Orders  (of  Vegetable  Origin). — {Com- 

tinutJ.) 


Okdek. 


RannncolAce 


MsKnoliaccae 
Menitpertnaeci 

Betberidace* 

NymptuMCCK 
PapavenccK . 


Crucifcn*  .  . 


Ovictn. 


HydraHb     Cana- 
HeUcbonii  dIkct. 

Nfcci  \m.  dBiSU*- 
cena. 

Delphinium  Sui[^- 
»i{rna. 

Delphinium  Coo- 
sot  ida. 

Aconiium     Nupel- 

lUB. 

Actceaalba. 

C!iiikllu|a     rmcv- 

XanLorrhixa     apil 

follA, 
Drimya  Winter!. 
IlUcfiim  Terain. 

Mspio'w  gin  Ken. 
LLriodetidron 

Tallpifcta. 
Jateorrhlffl       pAl- 

mala. 
Meni  Hpec-mum 

Cans  (Jen  AC. 
CKoTidwJendron 

lomencoHrUiti. 
Ai^tnirta    paiiicu- 

lata. 
Brrbcnt  vulgar  Ik, 

livm. 
C  »  u  I  o  p  h  y  1 1  u  fti 

ihaliinroldcs. 
PodofkhylluiB  pel- 

tatam. 
Nuptiar  pdlvena. 


Nynpha 

Papavtr 
IcTuin, 


lodorata. 

fomtil- 


Dkl'g.^ 


Part  Ussd. 


Hyilriatia 

{Golden  sol) 


Aconitum. 


Clmkifnga. 


(SLaranlK.) 

(Tulip  trw.) 

Cttlombo. 

(Mooniwcd.) 

Pi  rein. 

CtKculus  Indi' 
cut. 


ftcxK  and  root 

bark. 
RhizomFand 

rools. 
(Blue  Cohosh.)!  Rhizom«and 

\   root*. 
(Mindrake.)     i  RhiioTne. 


Rfal«Hoe  and 
RhlnHnc  and 

■TlOli, 

Seed. 


Rmrt      (and 

iMvef}. 
Rool. 
Rhui>m«  atid 

roolb. 
Rhiiom«  atid 

roots. 
Rhl<ani«  vad 

rooit. 
Bark. 
Fniit      and 

voIaUie  oil. 
Baric. 
Bartt, 

Rwrt. 

Rhiiome. 

Root. 

Fruit. 


GtotT  TO 
which  the 

Drl-gMainlv 
Bau^Noa. 


fl^K^rlaCtiu- 

Chelldonl  urn 

ma  jus. 
Dicmira       C4"a- 

denaia. 
Coehloirla  Annor- 

ada. 
BrtMlcm  Dlfta. 


(Vellow   pond 

lily.)     *^ 
(Water  lily.) 

(Poppy)    I3pl- 


(Blood-nnl.) 
(Cdandine.) 

(Horsr-radt^h.) 


Rhizomr. 

Rhladtne. 

Fruit. 

Milk      )iiiec 

Find  OJI  ot 

fiM:d. 

RhiEome. 
Kerb. 
Tuber. 
Ro«. 


51iia]>ia     niera    Seed       and 

(Mustard)-    I    woiadle  oll- 

Fixtd     oil 


HydntUn. 

Dleitftlll. 

Nlcotln, 

Acooitc 


A»trlrwcnt  bll- 

ICT. 

A!trlng«]t  bll> 
Astringmi  Uf> 

ICT. 

Aramilic  Dill. 


Bitter. 


Plerotoxin. 
Bitter. 

^pofitn. 

Atih^Hd     cif 

thartii:*. 
Gumin  J'  dtmul- 

ceni. 
Gununj?^  deniul' 

cent. 

MoiphiiL 

•9X\y     emollU 
ml. 
Morphin. 

Bitter. 
Muatard  oil. 


Patty     cmolll- 


■Wben  the 

thepbuDt. 


of  the  dniK  la  oM  glveo,  it  Is  identical  with  the  eocHc  name  of 
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^^^^1               The  Crude  Organic  Drugs  by  Orders  (or  VBoerABLf  Oricch).— (Cm> 

^^^^_ 

tiMuea. ) 

^^^^B 

Gnour  TO 

^^^^^^^^H 

Oai&iM. 

Dairc 

Part  Usux 

which  tmi 
Dbl-cMaim-v 

BRIjOMOL 

^^^^^H                  Crueitene   .... 

Bnssk-a  albs. 

aimpfs  illii. 

5«ed. 

MiMiRl«U. 

^^^^^^H 

Kixcd     oil    Fatty     enoOt 

^^^^^^^^M 

fnnm  9C«d .   '    enL 

^^^^^^ 

BnuMica  Rapa. 

(Rape.) 

Fixed     oil    Fatty     OKiIB- 
(rom  seed.       ent. 

^^^^^^^f 

CapselU       Buna- 

paMortft. 
II  vlUnthcmum 

Herb.               Muiutd  oO. 

^^^^^V                 Cistincae 

Herb.              |  Bluer      atfria- 

^^^^^^H 

Caiiadcnsc. 

Kent. 

^^^B                 ViolaHea:    .... 

Viola  tricolor. 

(Pans)'.) 

Herb.                '  Batter. 

^^^^^1                  Cundlaccn.  .  .  . 

Canclla  alba. 

itoik. 

Bitter  mtonmUc 

^^^^^^1 

Clnnamodcndron 

B^rk. 

"           ** 

^^^^^^^^1 

cortkoftum. 

^_ 

^^^^^H                   PolygalflS  .... 

Polycala  S«n«ga. 

SeMga. 

Root. 

Saponin.           ^ 

^^^^^^^H 

Krameria  triaDdni. 

Knunerla. 

Root. 

Tannin-            ^1 

^^^^^B                   CaryophyUeiv    .  . 

Saponaria      offici- 

oalis. 
Hvpvricum      pcr- 
loiQluni. 

Root. 

Snponio.           ^1 

^^^^^^1                   >lv|K;ricfn«a;  .   .   . 

Herb. 

Tannls.              ^| 

^^^^^^^^M 

^B 

^^^^^B                                    .... 

Garcinia  Hanbnrii. 

Camtnicia 

(G«inbogc). 

Gum  icsio. 

Anbydfld    o 
tbanici^ 

^^^^^^1                   TcmBlT<rm(ac«K 

ramt-Ilu  Thra. 

iTea.) 

Lcax'ca. 

Callen.                _ 
Campbor.           ^ 

TuTpenuae.         ■ 

^^^^^H                   Diplerocarpefr  .  . 

Dr>  nbala  nops 
Camphora. 

( B^jnieo    cam- 
phor.! 
(Cnrjun     Bal- 

Stearoplene. 

^^^^^^M 

Dipi crocntpus 

Oleofcsin. 

^^^^^^^H 

turbinaKK. 

aam,) 

^^^^^^                           MAlVRCCff     .... 

AlthiTH  oflicitialb. 

(Maishmal- 
low.) 

Root. 

Cnmrny  dewil- 
cent. 

^^^^^ft 

Ah  faces  rosea. 

Ptewen. 

Cwnnyduial- 
cent. 

^^^^^m 

Malva  sylvcstrig. 

Flowers. 

Goaamydanal-    ^ 
renr                 M 

^^^^^^^^^H 

Cossypium     hertt- 

(CollonJ   Coa- 
s\-pil  Radlcia 
CoTleji. 

Root  bark. 

Ergot.                ■ 

^^^^^^^^^^^^1 

■ceum. 

■ 

^^^^^^^^^^^^1 

■ 

^^^^^^^^^^H 

Oteum       Goa- 

Fixed     oU    Palty     dtnal-   ■ 

^^^^^^^^^^v 

aypiL 

(f ofi)  aeed. 

cent                H 

^^^^^V                 StrrcnliscaK     .  . 

Co\»  acumlmta. 
Thcobroipa  Cacao. 

Seed. 
Seed. 

Fatty  oil. 

Caflein-              ■ 

KlDDlltflR.       ,      H 

^^^H                   

Tilia  Americana. 

(Linden.) 

Fktwen. 

GMBfltydoaak    H 

CCBL                       ■ 

LinuRi     niitatiaai- 

(FtusMd.) 

Seed    and 

(;nnHnydHail>    ^ 

^^^1 

mum. 

fiaed  oil. 

ccMandbOT 
emoUias- 

^^^^^^H 

ErythroxytonCoca. 

Erytbroicylon. 

Lcavca. 

Cuoia.     ,      ^ 

^^^^^H                    Zygophytinc  .   .    . 

Cuaiocum      nilGct- 

CualaruM  and 

Wood  and 

RcaHuMt   4lr  fl 

^^^1 

lUttc 

Gnaiad    Re- 
tina. 

reain 

natkft.             ■ 

^^^^^H                    G^vitacac    .  .  . 

Geranium  macula. 

turn. 

Geranium. 

Rhicome. 

Tannin.              B 

CusparU        fcbrl. 
(uga. 

AngcMtura. 

Bark. 

AronatK    M-     ■ 
ler. 

^^^P 

Rota  gravcolcn*. 

Ruta. 

Herb       and 
volatile  oil. 

EmMcaaMM 
vofauOtrti 

^^g 

Baroama  betulina. 

Buc-ha. 

Leaves. 

Ailriacent  b*- 

^^^^^ 

Xanthox)!  nro 

XaiithoKylum 

Bark     kud 

AraMatir    H^  ^^ 

^^^^^^K 

Cla\'a-Hcfviili<. 

(Prickly  Ash). 

(roiL 

^    M 

^^^^^^P 

Pllocarpua     S«]|o- 

Pilocarpua. 

Leaves . 

PHiKxtpk.     ^M 

^^^^^^^H 

BDUk. 

^^H 

w 

Citrus  Limonum. 

(Lemoa.) 

Fnul,  fi»d, 
andvolunc 
oil. 

Afumaitr.          ^B 

*  Wh«a  the  nan 

«  ol  thr  drag  U  not  gK-m,  it  la  IdenUcal  with  Ibegcaerlc  n«^    ^i 

the  plam. 
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Thk  Ceudb  Organic  Drugs  by  Orders  (op  Vbcetablk  Origin).^ Ot* 

tinued. ) 


Gaovp  TO 

0&DE&. 

OUCtM. 

Dcuc.1 

Pakt  UfKS. 

WHICH  -fH» 
DkUG  MAiriLV 

Riitac«flt 

Citrus  BcTgunla- 

(BrmaiDO*.) 

VoUtllE  oil. 

CliniB.  vnlfjKiiiu 

(Bineron,nge,) 

F  1 «  »  «  r  ■ . 
frail,  riiK]. 
■ndvolAblc 
oil. 

CkTw  Annpliom^ 

1  Surcct  oran^<> 

volatile  oil. 

■1 

SiniMtubac .... 

Simpruln       offici- 

Slmaniba, 

Bart, 

BJtUT. 

Picr»di4  «xcclm. 

QHMIJB 

Wopd. 

" 

•• 

Wood. 

'■ 

BaiSCTKCCK     .    .    . 

OHbtPiflfn 

Cud]  rc«tD, 

Prftnoitfcaiu*- 

<Fran1ciii< 

ccn*cl. 

Commipborx 

MyiTlu. 

CaRDlczlivft 

Mynlu. 

ri«iii. 

C^n^lun        com- 

Elemi. 

Oleoreun. 

Rcain  for  pla*- 

TBUDC. 

tM>. 

AoirxU  dcmlfcra. 

" 

OleDFGBill. 

Knin  Jor  plaa- 

tera. 
AnilKlninrtM. 

MriiKcoe     .  .  ^  . 

MeU>Awl«ncb. 

AKcdanch. 

Ron  lark. 

Ilicinev 

llCXOpBCL 

(HoUy.J 

LiAVH. 

tCT. 

Cafl^n. 

lln  vdticillUta.      >  {Black  aldrr.) 

Leav«a. 

Baric. 

Aatribya'  '>*'- 

CduUiDBK     ^    .    . 

Cnooyniu      >£n>-    {Wsboo.) 

Barir. 

DiEititts   (ca- 
itttfticii. 

porpfErau- 

RfaatnoaccK    .  .   . 

Rbmmai  Puiruu*  j  rCuan     Sa* 

Itark. 

Catfaartin. 

ItoT^. 

.. 

a*-                          ,     ffnda.) 

Anipeli4«e    .  .  « 

Vltn VluHcrm.        |L'v«    psiti 

Fntit. 

Saccbifi^e  de* 

«        ,       .            (aiiMK 

BHiloeot. 

^pindafc^   .  .  . 

r>«]lln»  urtnlii-,  .Cuars>a> 

Dmiaitc. 

CaPdn. 

Anacanliiie^  .  , 

dttuVc 

FniiL 

Cantfaaridci. 

RJiBI          TOUCQ- 

'  Poitoa  VTf. ) 

L«mvea. 

dmdiTwi. 

BlMBffaln. 

Fniit, 

AcidaM^nnycnt. 

Fbtaca  LaAbcHiL 

H«-t»>;b«. 

lUtJB. 

Coruric^    .... 

Leaves. 

P^cnjUnuu. 

LcgiUQHKMae    .  . 

bptisia  tindjorio^ 

R«9t. 

Dyes. 

Cttiws  SrofMiiaL 

ScofuriEU. 

TwicK. 

Arosiaiic    din- 

TricoudU      Pa- 

{Froucrevk.Ji 

Becdi. 

CaraiaoUtv  e»- 

MUtia]  uil. 

McUMvt      pflbci- 

tSwwnrkft^T.) 

Hnih. 

Aroraaiic  oil 

Aatrunlos     na>- ,  Tnnt:anthii. 

Tracacaiilb. 

Gammy  dHnul- 

mAvt.                    ' 

ctnH 

GIvcyrrbiza        ( Licoric*.  i 

Rom. 

bwect     demul- 

gjabfa. 

crtil. 

Aracfais  b^TKigiaKa. 

(P<aDUt.  t 

Fixed  oil. 

Oily  emollKiit. 

Abms  pr«<mtoriua. 

[  Jequirrty. ) 

Seed. 

Irritant    toxal- 
bumin. 

rb>-acwtiKnia  ven- 

Pbyftostigma. 

Se«d. 

aKwum. 

Pin-ucarpus    Mar-    Kino. 

Cmn, 

Tauim. 

Bupiuro. 

PttrTucmrpuft    Ssn-    Ssnialnm  mb- 

Wood. 

Ih-e. 

lalinuh.                          rum. 

pMcidia  Emhrioa.   (Jamaica   do^- 

Bark. 

Alkaloidal  byp- 

HUtld.) 

notic. 

*Wfaeo  tfaei 
tbeplanu 


e  a<  tbc  dmf  is  oot  Kiven,  it  is  idctitical  witfa  the  c'eseric  nane  of 
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^^H 

Ttfs  Ckvob  Okcanic  Dutms  8v  Oki>bk9  {of  Vegbtabls  Okioin).— fCw- 

H 

timtMi,) 

Caovp  to       ^ 

B 

^^               Obdu. 

Okicik. 

DltVG.> 

Pakt  Usbo. 

WHICH  itta 

Dai^  Uaixlv 

BCLONCS. 

LcgouiooMc   .  . 

DWeryx  odonu. 
Toluifcrn  Perrirw. 

(Tooka  bean.) 

Seed. 

Aromatic  oO. 

^^^^^^^^M 

BalMmurn  Per- 

Balnm. 

Aronatk  mda. 

^^^^^^H 

iivlanoni. 

^^^^^^1 

^^ 

Tolulfern    Bnl- 

BalHamum  Tot- 

Rataam. 

"         ** 

^^^^^^^^1 

^^K 

■Amum. 

nUnum. 

^^^^^H 

^H 

Hirtnaloxyloo 

(Logwood.) 

Wood. 

TuHUB.   Dve. 

^^^^^^^H 

^^H 

t&inpcthianuBt. 

^^^^^^H 

^^H 

Cas&ia  Fistula. 

FrnH. 

Cwlwfiiik         fl 

^^^^^^H 

^^H 

Csula  acutlfolin. 

SMina. 

I,cavea. 

w 

^^^^1 

■ 

fulu. 
Cuan      MariloD* 

■* 

L«ava. 

"    ^m 

^^^^1 

■ 

tt 

Lctvei. 

"   ^1 

^^^^^^H 

dica. 

^^^^1 

■ 

TamariiKliu       lit- 

din. 
CopBiba      LHags> 

Eryihraphkeun 

Fruit  pulp. 

"    ^m 

^^^1 

■ 

Copafb*. 

Olvorca4ii. 

AnnHUknalB*    ^| 

^^H 

■ 

(Bany  huk.) 

Airk. 

DigitaUa.            | 

^^^^^^1 

Acfflcia  Cutccha. 

Calccba. 

Gum. 

Tannin. 

^^^1 

■ 

Acacia  Senegal. 

Acacia. 

Gum. 

('.uimnrdcara^ 
c«»t. 

^^^^^^H 

Amvxdalas     com- 

lAltnoadaccd.] 

Seed,     fixed 

UU«caioaitM, 

^^^K 

Diiuiia. 

and  vulalik 
oiU 

hydnjcraatc- 

^^^^^^H 

^^L 

yniiiu*  Pcnica. 

(Pcaeh  leaves.) 

Lcavc». 

Hjrdnnaak. 

^H 

1 

PmnoB  dmnatlca. 

(Prtnira.) 

fnil. 

Siantei)a*4a- 
catharttr.          ^ 

^^^^^^1 

Pntnin  MToHna. 

Pniimi      Vlr- 

Bark. 

Hydnxrjsanc      ^H 

^^^1 

■ 

Kninus  Launxcre- 

KJiibiia. 
( Cbcny     lan- 

Lenrca- 

"        1 

^^^^^^H 

SUEl 

nrl  ) 

^^^^^^H 

^^B 

Spinca  lotncMoM. 

Hcrb. 

ArooMtlcoiL       H 

^H 

1 

Qullliiia  Saponaria, 
Xubiu  IdacDi. 

giillUia. 

Bkrk. 
Fralt 

Saedwiwdr-    ■ 
malMM.          ^M 

^^^1 

■ 

Ru,bu>  villosus. 

(Blackberry.) 

Ront       bark 
ami  tniH 

Tamte.             ^M 

^^^1 

■ 

Gcuin  rivalc. 

Rbiiomc  and 
fwia. 

"     J 

^^^1 

■ 

Genm  uibaDum. 

<Avcna.) 

RbUomc  and 

roots. 

"     ■ 

^^^1 

■ 

Prairaria  vcaca. 
Polcnlitla      Cana- 

(Stnwbeiry.) 
(CJnqurfoiK) 

RhiwoK. 
Herb 

'  H 

^^^^^^^H 

licRfis. 

^^^^^^^H 

^^H 

roicfililla  TormcD' 

Rhiinnw- 

^^1 

^^^^^^1 

^^P 

tilla. 

^H 

^^^1 

^ 

Haecntn         «b)'»- 
■tnlcs. 

Knsao. 

IllflorCKVDCt. 

AatlKlnuttic.       V 

^^^^^^1 

Agrunonfik    Eu|i«< 

Horti. 

A«ni«tMbll- 

^^^^^^^H 

itnia. 

tar,                    ^ 

^^^^^^^H 

RoMoinlna. 

Fruit 

PcrfaoK             A 

^^^^^^1 

Roaa  lallica. 

PvUlk 

1 

^^^^^^^H 

Roaa  cemifolia. 

Pstal*. 

■ 

^^^^^^H 

Roia  damaKcna. 

V(>laUfealL 

H 

^^H 

SaxiingacMK    .  . 

Heocbcra    Amer^ 

cana. 

lAlim  not) 

Roo*. 

Tanni*,            ^M 

^ 

HvdranKca    arbc»- 

Root. 

Otamk.   ^^H 

^^^1 

rocCTw. 

^^^^^^H 

^" 

DftMKrraceiE    .  .  . 

DnMcra     rotundi- 

Herb. 

FtnaoK.  ^^^ 

Hamanclidor  .  , 

Hamomclla      VI  r- 

(Wiub-liawL> 

Bark    and 

Taimla.    v^ 

' 

glnianu. 

kavea. 

tiWofL               ^ 

*  Wbrn  Ui«  nan 
the  {ilnm. 

«  ol  the  drag  to  BPt  gtwo.  fc  li  liliiMh  m\  irtih  Uw  gawrte— rf    H 

L^ 
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The  Crude  Organic  Drugs  by  Orders  (of  Vegetable  Origin). — {Cm- 

tinued.) 


Group  to 

Okdbr. 

Origin. 

Drug.* 

Part  Usbd. 

which  thu 
Drug  Mainly 

Belongs. 

MunameltdcM  .  . 

Liquldambar    ori- 

enUlis. 
L  i  q  u  i  d  a  m  b  a  r 

Stynx. 

Balsam. 

Aromatic  resiiL 

Sweet  gum. 

Balsam. 

.. 

Styniciflua. 

Myrtacoe    .... 

Melaleuca      Caju-  \  Oleum  Cajupu- 
pull.                           ti. 

Volatile  oil. 

Turpentine, 

Eucalyptus  elabu- 

Eucalyptus. 

Leaves   and 

" 

lus. 

volatile  oil. 

Eucalyptus      ros- 

Kioo. 

Exudation. 

Tannin. 

traU. 

' 

Myrcia  acris. 

(Bay  leaves.) 

Caiyophyllus 

(Cloves). 

Leaves.          1  Aromatic. 

Eugenia    aromat- 

Flower, bud,  1         " 
fruit      and 

ica. 

volatile  oil. 

Plnien  la  offi  ci  nal  is. 

(Allspice.) 
(Pomegranate. ) 

Fruit. 

" 

Lythrarieae     .  .  . 

Punica  Granatum. 

Bark. 

Anthelmintic. 

Onsgmricc    .  .  . 

Epilobium  angusti- 

lolium. 
CEnotheia  biennis. 

Herb. 

Tannin. 

Herb. 

<• 

TnmeraccK   .  .  . 

Tumera  di&usa. 

Damiana. 

Leaves. 

Volatile   oil 
(aphrodisiac). 
Anthelmintic, 

Cucurbltacoe    .  . 

Cucumis  Citrullus. 

(Watermelon.) 

Seed. 

demulcent. 

Cucumis  Melo. 

(Melon.) 

Seed. 

Anthelmintic, 
demulcent. 

Cucumis  sativus. 

(Cucumber.) 

Seed. 

Anthelmintic, 
demulcent. 

Citnilltis       Colo- 

Colocynthis. 

Fruit. 

Anhydrid     ca- 

cynthis. 
Ecballlum     Elate- 

thartics. 

Elaterium. 

Arsinous  de- 

Anhydrid    ca- 

rium. 

posit. 

thartics. 

Cucurbits  Pepo. 

(Pumpkin.) 

Seed. 

Anthelmintic, 
demulcent. 

Bryonia  alba. 

Bryonia. 

Root. 

Anhydrid      ca- 
thartics. 
"  Cardiac  Stim- 

Cactus       grand  i- 

Flowering 

flonis. 

branches. 

ulant." 

Umbellifene  .  .  . 

Conium     macula- 

(Water     bem- 

Leaves   and 

Coniin. 

turn. 

lock.) 

fruit. 

Cania  A)owan. 

Fruit. 

Camphor. 

Apium  graveoleiis. 

(Celery.) 

Fruit. 

Aromatic    car- 
minative. 

Canim  Carvl. 

(Caraway.) 

Fruit 

Aromatic    car- 
minative. 

Canim     Petroseli- 

(Parsley.) 

Root    and 

Aromatic    car- 

nnm. 

fruit. 

minative. 

Pi  mpinella  An  f  sura . 

(Anise.) 

Fruit. 

Aromatic    car- 
minative. 

Fcenicnlum      vnl- 

(Fennel.) 

Fruit. 

Aromatic    car- 

gare. 

minative. 

Archangelica  offi- 

Root. 

Aromatic    car- 

cinalis. 

minative. 

Archangellca  atro- 

Root. 

Aromatic    car- 

purpurea. 

minative. 

Peucedanura 

Aneth  um 

Fruit       tnd 

Aromatic    car- 

graveolens. 

(Dill). 

volatile  oil. 

minative. 

Peucedanura 

ImperatorJa. 

Root. 

Aromatic     car- 

Ostmthiurn. 

minative. 

Opopanax    Chiro- 

Gum  resin. 

Aromatic    car- 

nium. 

!    minative. 

Coriandrum    sati- 

Coriandrum. 

Fruit. 

Aromatic    car- 

vum. 

minative. 

Cuminum     Cymt- 

Fruit. 

Aromatic    car- 

num. 

. 

minative. 

•When  the 
the  plant. 


of  the  drug  is  not  given,  it  is  identical  with  the  generic  name  of 
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^^^^H              Thk  Crcdb  Organic  Dxdgs  by  Orders  (or  Vrgbtasle  Origim).— {^^ 

^^H 

ttMlt^J.) 

^^H^ 

GKour  Tfl      ^1 

^^^^^^^^L                     OKDKlt. 

OmciN. 

Drug.' 

Pxar  lIiBo. 

WHICH  nut     ^M 

DBI'cMAmLV    ^M 
Bblonos.       ^I 

^^^^^^      UmbeUUene  .  .  . 

Dancus  CaroU. 

(Carrot  aced.) 

Fnttt. 

Aromatic   cat- 
mi  native. 

^^^^^^B 

Ferula  Kmnhex. 

AsafcMida. 

Gum  rcaia. 

Stimulaat     oil 

(aiiiita>'<ntTkT 
Sltmubnt      oil    ^M 

^^^^^^H 

Ferula  galbgitiiAua.  Cnllwnnin. 

Gum  reain. 

^^^^^^^^^^^^H 

<antihvneric:i    ^| 

^^^^^m 

Ferula  Sunbul.        Sumbul. 

Root. 

Sttmuiam     oil   ^H 
tantlby^erki    ^H 

^^^^^P 

Ferula  tinglUBa.     \ 

Gum  fcato. 

Stimulant      nil    ^M 
(antih\'«RVi    ^M 

^ 

Doretna  Ammonia-  Anunooiaciiai. 

Gum  resin. 

StimuUm     oQ    ^M 

^^^^^^^^1 

am. 

) 

laniibvtlerKl    ^H 

^^^^^^            AoHaecK  .... 

Amlia  spiiiOBa. 

Bark.                Aromattc    t^r-  ^H 
minamT.         ^H 

^^^^^L 

Anitia  racctaoM. 

Rhixone  aiKl  Ammatk   ca^  ^H 

^^^^^^^^^^L 

Aralia  rradicaulw. 

Rhtjtomv.          Amanabc   tm- 

^^^^^^^^^^^M 

miqatttrv. 

^^^^^^^^^F 

Aralta      quinquc-  ,  Paiina      (Gin- .  Root.                 Anxnatlc   <af    ^^ 

^ 

(otla.                      1     »eiiKi.                                       ,    mifullre.         ^H 

^^^^^H                 Comtcor    .... 

Coniux  Sorida.          Conins    (Dof- '  Bark.                Artrtncml  U^  ^H 

^^^^^^^^M 

(Elder.)             .  Flowen.           AniiulK     de-    ^H 

^^^^^H                CaprifoluccR   .  . 

Sanibuciis     Cana- 

^^^^^^^^M 

il«n^s,  etc. 

ntiikrtii             ^H 

^^^^^^^^^^ 

\'it>uriiura    pntnl- 

Bark.                Valenan              ^M 

^^^^^^^^^^^^L 

(oliiim. 

■ 

^^^^^^^^^H 

Vtliunium  o|Hilu.«.                            1  Bark.                                        ^H 

^^^^^^^^^F 

Tiiimtnim        pci-    TrioaleiiDt.        '  RliUDim- and  RmetinO).         ^H 

^ 

lolialum                                                 mols.                                         ^H 

^^^^^H                 Rublncoe    .... 

Uni:arla  Gambit.       Cntrchu     pal- ,  Extract.         ,  TrmIa.              ^M 

^^^^^^^_ 

,    lidum  1  Terra 
laimnka). 
Cinchona  Cftlba\-a  '  CinchDoa. 

^M 

^^^^^^H 

Rark. 

Qnhite.              ^1 

^^^^^^H 

Remijia  pedmicu- 

laU. 
Reiniila      Purdie- 

Bark. 

"    ^M 

^^^^^^H 

SMrk. 

"   ^H 

^^^^^^^^^^^^^^H 

ana. 

^^^^^^^^^^1 

Li>ilrnl>ericlB, 

Ihflc. 

^^^^^^^^^^^1 

RvnMcninui. 

^^^^^^^^^^^M 

Coflea  Arnbica. 

&««d. 

CaSdn.     ^^H 

^^^^^^^^^^M 

Ccphtrl^H  Ija-caru- 

Ipecacuanha. 

XoaC 

BaMtto.    ^^^M 

^^^^^^^^^^^^H 

atilia. 

^^^^^^H 

^^^^^^^^^F 

Mhchella  rrtwiu. 

(MitTcwort.) 

Herb. 

SapcMila.  ^^^^H 

^ 

Rubia  liiiHoruiii 

'Midder.l 

Rtoil. 

^^^H 

^^^^^^^M 

Ciflliuni  Aparttic. 

(riravcra.) 

Herb. 

AKtHnccil^^^H 

^^^^^H                 ValpHanne    .  .  . 

Vulpfiiitiik       offici- 
oaliB. 

Valeriana. 

RMiumeand 

VatcnattT^^^H 

^^^^^H                Composiue .... 

Enpatorliim     per- 
fuliatum. 

Eupatorfum 
(Soneaet). 

H*rt>. 

ICT 

^^^^^^^M 

nrhiilrUu  robusla. 

Ht-rh            ) 

I'Uik- 

^^^^^^H 

GriiKlclia     >qiur- 

Hctb 

■^ 

^^^^^^^^M 

n>s« 

1 

•■itm-      . 

^^^^H 

Solidago  odom. 

(Golden  rod.) 

HrrtJ. 

;,.;.■.•"■  ■ 

^^^^F 

EriKcran       Phila- 

Herb. 

^H 

^ 

r1p|t>blc-n«, 
Gnapnalfum  poly- 

^^H 

^^H 

Hcch. 

AroaMtkHWi     H 

^^^F 

rephnlHtn . 

■ 

f 

Inula  llrkiniuni. 

Inula  (Elecam- 
pane). 

Koot. 

■ 

Hclcntum    auium- 

Hccfc. 

"       H 

1 

mle. 

Anacyclua  Pyrdli- 

Pyrcthmm. 

Skpoain.            ^| 

nitt). 

^ 

•  When  the  nmin 

c  ul  ibc  dniK  i»  nut  pvva,  it  ia  idcnlica)  wHb  the  gtaiik,  loA*  ^ 

Ibe  |ilaitt. 

i 

APPENDIX. 


817 


The  Crude  Oeganic  Drugs  by  Orders  (of  Vegetable  Origin). — (Can- 

tinued.) 


Group  to 

Ordbk. 

Origin. 

Drug.* 

Part  Usbd. 

which  thb 
Drug  Mainly 

Belongs. 

ComposiUe     .  .  . 

Achillea        Mille- 
foliutn. 

( Varrow. ) 

Herb. 

Aromatic  bitter. 

Ant  hem  is  nobilis. 

(Chamomile.) 

Flowers. 

"           " 

Anthcmis     arven- 

Flowers. 

II           11 

sis. 
Anthetnis  Cotula. 

Herb. 

,. 

Cbrysanthem  utn 

Herb. 

!•                          >1 

Paithenium. 

Chrj-santhemura 

Flowers. 

"                           " 

cine  rarieef 0 1  i  um . 

MatricariaChamo- 

Flowers. 

■  I                           '1 

milla.                    \ 

Tanacetum      vul- 1  (Tansy.) 

Herb. 

Aromatic  bitter. 

gare.                      1 

anthelmintic. 

Artemisia   Ab- 

Herb. 

Aromatic  bitter, 

sinthium. 

anthelmintic. 

Artemisia   vul- 

Herb. 

Aromatic  bitter. 

garis. 

anthelmintic. 

Artemisia     paucl- 

Flower  buds. 

Aromatic  bitter. 

flora. 

anthelmintic. 

Tussilago  Farfara.' 

Leaves. 

Bitter,  gummy 

demulcent. 

Arnica  montana. 

Arnica. 

Rhi  some, 
roots,   and 

Aromatic,  vuU 

nerary. 

flowers. 

Calendula     offici- 

Herb    and 

Aromatic     bit- 

nalis. 

florets. 

ter. 

Arctium  Lappa. 

Lappa      ( Bur- 
dock). 

Root. 

Bitter     demul- 
cent. 

Cnicns  bened  id  us . 

(Thistle.) 

Herb. 

Bitter  aromat- 

CailhamuB      tlnc- 

Florets. 

ics- 
Dye. 

torius.                   ' 

Cichorium    In-  ■  (Chicory.) 

Root. 

Aromatic     bit- 

tybus.                   : 

ter. 

Taraxacum  Dens-  >  Taraxacum. 

Root. 

Demnlcent  bit- 

leonis. 

ter. 

Lactuca  virosa.       '  (Lcttucejuice.) 

Exudation. 

Hypnotic  (Can- 
nabis). 
Nirotin. 

CampanulaccK .  . 

Lobelis  inflaia.        1  Lobelia. 

Herb. 

Ericacese    .... 

Arctostaphylos 
Uva-ursi. 

L'va  I'rsi. 

Leaves. 

Arbm  in, tannin. 

Arclostaphylos 

glanca. 
Gaultheria       pro- 

Leaves. 

Arbul  in, tannin. 

Canltheria. 

Leaves. 

Flavor;  salicy- 

cumbens. 

lic. 

Epigica  repens. 

(Trailing     ar- 
butus.) 

I.cavea. 

Arbutin  ,lannin. 

Katmia  lattfolia. 

(M'nintain  lau- 

I.eaves. 

Arhutin. tannin. 

rel.) 

1 

toxic     princi- 
ple. 

Ledum  talifoliom.  < 

I  .eaves. 

Aromatic      a»- 

tringenl. 
Aromatic      as- 

Chimaphila  umbel-    PipsisMrua, 

I  .caves. 

Uta. 

trin^Mit. 

Ebenacoe  .... 

Diaspy ros  Vir-    fPcrsimnKm  ■ 

Fruit- 

Tannm ;  veget. 

giniana.                ' 

a>ld. 

Styrax  Benzoin.        Benzoinum. 

K'^in. 

Ar'rtnalir  rc^in. 

Olcacec 

Fraxinus     Amert-  ' 

Kark. 

AMringfeUt  bit- 

cana. 

ter. 

Fraxinos  Omos.       Manna. 

Kxudation. 

Sa'fharine  de- 

Oka  Eoropsea.         OI«jm      Oliv- 

Fixrd  oils. 

Fat!  y     em'illH 

um. 

«nt. 

*Wben  tbe  nan 
tbe  plant. 
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Thx  Cevdk  Organic  Dkuob  by  Okdkrs  (or  Vigetabu  Okigih).— (Cw- 


Grout  to 

OltDEM.. 

OUGIN. 

Drug.* 

Part  Urkd. 

WHICH  TBI 

Dtaxi  Maimlv 

BRLOHCt. 

ApocynuMB  .  .  . 

Aipldoiperma 
Qnebracho- 

Bark. 

Nerimn  Olcuder. 

Lcavea. 

Dlgitalii 

ApocyDun  cuii»- 
Moum. 

Root. 

" 

Apocyanm  aadro- 

Root 

" 

nemlfdllum. 

AaclepimdaecK  t  . 

H  e  m  1  d  c  •  m  n  • 

IndicDS. 
Aactepiu  Cornnti. 

RfWt. 

(MUk  weed.) 

RUaome. 

Suonia     aad 

Mtter. 
Saponin     aod 

Aaclepiu      incar- 

RUxome  and 

nata. 

roota. 

batter. 

Aactcpiat  taberoia. 

Root. 

SuMoin      and 

lAttcr. 
Astringent  bit- 

GoDolobua     CoD- 

Condniaogo. 

Berk. 

durango. 

ter. 

Lt^mnkccK  .  .  . 

Gclsemlam 

Ccbemliuii. 

Root. 

Celsemin. 

aenpervlrau, 
Spi«tla   Marilao- 

SpigeUa. 

Rhizanie  and 
roou. 

Aatbdmlntk. 

Strychnoa        Nns 

Nox  Vomica. 

Seed      and 

Strychnbi. 

voniica. 

bark. 

Strychnoa  IxoaUa. 

Semen  Ignatiae-. 

Seed* 

" 

GcntluMB  .... 

Brythnea       Cen- 

tauriDn. 
Sabfaatla       aon- 

laria. 

Herb. 
Heib. 

Aromatic  Utter. 

Gentlana  Intea. 

Gentiana. 

Root. 

'•           " 

Gent  lanautibenila . 

SwertiaOiJiata. 

Root. 

11           •' 

• 

Chfrau. 

Herb. 

••           ■' 

Frasera  Walteri. 

Root. 

" 

Meitvanthes      tri- 
foliala. 

Lcavea. 

" 

Hydrophyllacese  . 

Eriodictyon     glu- 
(inosum. 

Verba  Santa. 

Leave*. 

Paralyzes  taste 
endings. 

BoragincK  .... 

Symphytum  offici- 
nale. 
Atlcanna  tfnctoria. 

Root. 

Demulcent. 

Root. 

Dj*. 

Convol  V  ulaceae 

Ipomcca  Jalapa. 

Jalapa. 

Tuberous 

root. 

Anh>'drid    c»- 
tbartic. 

Ipomcea  orlzaben' 

Tuberous 

Anhydrid    cs- 

sis. 

root. 

thanic. 

Ipomoea  simutans. 

Tuberous 
root. 

Anhydrid    ca- 
thartic. 

Ipomcea  pandurata. 

Root. 

Anhydrid    »- 

thartic. 
Anh)-drid    ca* 

Convolvulns 

Tuberous 

Mechoacanna. 

root. 

thartic. 

Con  vol  V  u  lus 

Scammonium. 

Gum  resin. 

Anhydrid    «■ 

Scammonia. 

thank. 

SoUnaccK  .... 

Solanum     Dul< 

Solanum. 

Twigs. 

Saponin. 

camam. 
Solanum     tubero- 

SUrch. 

Starchy  denn)- 

sum. 

cent. 

Capsicum  fastigia- 

Capsicum. 

Fruit. 

Irritant     (cm- 

lum. 

• 

tharidin). 

Atropa  Belladonna. 

Belladonna. 

Roots  and 

leaves. 
Leaves    and  I 

Atropin. 

Datura    Stramon- 

Stramonium. 

•■ 

ium. 

seed.             j 

Hyocyamus  niger. 

Leaves    and  ' 
seed.             1 

■  When  the  name  of  the  drug  is  not  given,  it  is  identical  with  the  geaeric  name  c' 
the  plant. 
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The  Crude  Okuanic  Drugs  by  Orders  (of  Vegetable  Origin). — {Can- 

/inued. ) 


Group  to 

Ordek. 

Origin. 

Dmuc.» 

Part  Ussd. 

which  thk 

Drug  Mainlv 

Belongs. 

Solanacoe  .... 

Duboiaia        myo- 
poroides. 

Leaves. 

Atropin. 

Nicolina  Tabacum. 

Tab«cum. 

Leaves. 

Nicotin. 

ScropbularineK    . 

S  c  r  0  p  h  u  1  a  r  i  a 

nodosa. 

Herb. 

Bitter     astrin- 
gent. 
Bitter. 

Chelonc  glabra. 

Herb. 

Vcrbascuin. 

Mullein. 

Leaves   and 
flowers. 

Demulcent. 

Digitalis  purpurea.'  Diifiulis. 

Leaves. 

Digitalis. 
Ann  yd  rid     ca- 

Veronica Virglnica. 

( Leptandra — 
Culver's  root.) 

Rhizome. 

thartics. 

Orobanchacese  .  . 

Epipblegufl      Vir- 
gin! ana. 

(Beech  drop.) 

Herb. 

Bitter     astrin- 
gent. 
Oiiy  emollients. 

Pedalinese  .... 

Suamuin        Indi- 

Fixed  oil. 

Labiaue   .      ... 

cutn. 
Lavandula  vera. 

Lavandula. 

Flowers, 

Perfume. 

Collinsonia   Cana- 

Rhizome. 

Bitter  resin. 

densis. 

Mentha  piperita. 

Herb. 

Essential  oils. 

Mentha  viridis. 

Herb. 

"            " 

Lycopus    Virgin!- 

Herb. 

"            '• 

Cunila  Mariana 

Herb. 

.. 

Origan  um  vuleare. 
Origanum     Maja- 

Herb. 

"            " 

• 

Herb. 

"            " 

rana. 

Thymus      Serpyl- 

lum. 
Thymus  vulgaris. 

Thymus. 

Herb. 

i> 

Leaves. 

.. 

Hyssopus      offici- 
nalis. 
Hedeoma    pulegi- 

Herb. 

"            ** 

Herb.     . 

.. 

oides. 

Melissa  officinalis. 

Herb. 

.. 

Saliva  officinalis. 

Leaves. 

"            " 

Rosmarinus  offici- 

Leaves. 

nalis. 

Monarda  punctata. 

Herb. 

.. 

Nepeta  Cataria. 

Herb. 

" 

Nepeta  Glechoma. 

Herb. 

"            '• 

Scutellaria    Uteri- 

Herb. 

"            ■■ 

flora. 

Marrubium      vul- 

Herb. 

'■ 

gare. 

Leo  nurus      Cardi- 

Herb. 

"            " 

aca. 

PUntaginac«e  .   . 

Plantago      major, 
etc. 

Herb. 

Bitter     demul- 
cent. 

Chenopodiflceae    . 

Chenopodium   an- 

thelminiicum. 
Beta  Vulgaris. 

Chenopodium. 

Fruit, 

Anthelmintic. 

Beet. 

Sugar. 

Saccharine  de- 

mulcent. 

Phytolaccacoe  .  . 

Phytolacca  decan- '  Phytolacca 
dra.                       i      (Polte). 

Root     and 

Picrotoxin  (Sa- 

fruit. 

ponin  ?). 

Polyganaccsc .  .  . 

Polygonum       Bis- 
torta.                       1 

Rhizome. 

Tannin. 

Rheum    officinale,  1 

etc. 
Rheum     rhaponti-    Rheum. 

Root. 

Cathanin. 

Root. 

" 

cum,  etc. 

Rumex  crtspus. 

Root. 

Tannin,  bitter. 

Amtolochiaccae  . 

Asarum  Cana  dense. 

Rhizome. 

Aromatic. 

Aristolochia     Ser-   Serpentaria. 

Rhizome 

pentaria,  etc. 

and  roots. 

■  When  the  name  of  the  drug  is  not  given,  it  is  identical  with  the  generic  name  of 
the  plant. 
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The  Crude  Organic  Drugs  uv  Orders  for  Vbgktabi^  Origin). — {Cm. 

tinHfii. ) 


Caovr  TO 

Ordss. 

Oxiuin. 

DaiKi.* 

Part  LIsbd. 

WMtOI  THt 

Dkl-o  MAiiav 
BKLowca. 

Plpenccoe  .... 

Piper     iiiKiistllo- 

num. 

Leaves. 

ItrfttMs   (ear* 
ndnalhtat. 

PipfT  Cabeba. 

Cubeba. 

Pnih. 

LrrliaBU    (eai- 

Piper  niEnim. 

Pnih. 

Ir    ■■    ■     ■        JI- 

Piper  ind  li]nrtknm. 

Root. 

1.      '                  It- 

Piper  ufficinamm. 

Fmk. 

Inilantf     <car- 

■  IIKUttitCf  )- 

Myridtkacta    .  . 

Hrrbiica  rracraiw. 

Myristka(Nut~ 

Seed       and 

AroiDBiic    car- 

nwRj. 

fixed      otl- 
Arillua 

(Macia). 
Bark. 

minative 

Lasrinse    .... 

Clnnaitiotnuni  Zcy- 

Cianamoaium. 

ArormiK    cn- 

laoicum. 

mlnath^ 

Ciniia  titoinum. 

Bark. 

Aninuic   at- 

OiIkt  <.i>C(.h-4 

RttaMtivc. 

C  i  IK  1 J  ti  iti  m  11  n  1  Cam- 

Campbora. 

Sltanptcnc. 

Anmwtk   or- 

phiini. 

miMttirc 

Nrclantlm      Rodl- 

Baric. 

Aronaiic    ar- 

sci. 

tniaalive 

SaMafnu    variifo- 

BaaMfn*. 

Root,     rOM 

bark,    and 
piUt. 
Leaves. 

ArxMiabc    car- 

lium. 

tniaolhre 

Laams  nobilla. 

Ammaitr    car- 

mttiainT 

Coto  bark. 

Cam. 

BaTk. 

Ami  1  nutria 

Thymehicrte  -   .   . 

Daphne       Merse- 
rcum.  etc. 

Mecercum. 

8a  rk. 

IrrllauiB   Itau 
Iharaditii 

Saiitatoceie .  .  .  . 

Saiiluluin  albain- 

&tnliilum. 

Wood. 

E««nttal  oiU 

Eupbnrblxcnc  .   . 

l\uphi»riiia    corol- 
laln 

Row.           ^ 

(rritaiiU    icaa- 

Euphuriila   tcklol- 

len>. 
JattDpha,    Hrvca. 

Hupbdrtiluin. 

ExHdailcn.  ^ 

Iharidln) 

eiant  ica 

Mnk-}ntcc. 

CaODtcfeoac- 

elc.  wecie». 

CnjKHiTicIluin. 

iCauulcliouct. 

Oleum  Tiiclil. 

Axed  oil. 

CtoumoO. 

Crutmi  HluLvrta. 

Catcarllla. 

Bark. 

Biner. 

Mnlluiuk      Plitlip- 

KamaU. 

GUads. 

AoihcliBliakH 

— 

piriFriSlO- 
Riciiiu«  If  iin munis. 

Oleum       Riirl- 

Seed       and 

Oily  cathat^H 

rlni. 

Audoll. 

^^^ 

5tniIiv[bi«yK-alica. 

Stillinipa. 

RooL 

AiiiliclmifilK. 

UrtlcRCca  .... 

lllmuB  lulva. 

I'linua. 

Bark. 

Cumtn)  AvaS^ 

Htunulus  Lupulua. 

Humutua,  Lu- 

Slrobikaaad 

cenl- 
HyiKipUc,   bU- 

r««MtM  satlva. 

piillmim. 
Cannabis     in- 

jrkinda 
Hert.   ImH, 

IT      ,    ..    ■ 

dica. 

and     fiaed 
alt. 

A 

Moras  rubra ,  etc. 

(Mnlbrinr.) 
FIS- 

Fniil 

Laxative. 

Ficus  Carka. 

FniiL 

" 

Flcua  IndlcB. 

Etastica. 

Mlfk-]ulcc 

CatMilehaaiu 

Juglandete  .... 

iuKtaiiscinrrea. 

(Biiiicrtmt.) 

Dark. 

Tanntn. 

JtmlanB  ngia- 

(Walrmi.  1 

Fixed  oft. 

Fairv     eaMlB- 

e«t. 
SatnalB. 

Myricaccs .... 

Myrica  ccrifen. 

(Baytiarry 
Itarli.) 

(BMCfaO 

kifc. 

CupoUfent.  .  .  . 

Bitula  Icnls. 
BtAuIn  alba. 

VobtikoO. 
Tar. 

ffaannlal  d«i 

3- 

I 


■  When  the  name  of  Ibe  dniji  '*  noi  ftven,  M  ia  ideniical  wUh  ibe  ccfHTlc  i 
the  plant. 
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The  Crude  Organic  Drugs  by  Orders  (of  Vegetable  Origin).— (Con- 

tinued. ) 


Groitp  to 

Ordbr. 

Origin. 

Drug,* 

Part  Used. 

which  thk 
Dri'C  Mainly 

Belongs. 

Cupulifene  .... 

Quercta  alba. 
Quercus  tincloria. 

(Oak.) 

Bark. 
Bark. 

Tannin. 

Quercus      infecto- 

Gallse. 

Galls. 

" 

ria. 
Castanea  denlata. 

(Chestnut.) 
{willow.} 

Leaves. 

'■ 

Salicacese    .... 

Salix  alba,  etc. 

Bark. 

Tannin,  salicy- 
lic. 
Turpentine,  res- 

Agathis  Dammara. 

Dammara. 

Resin. 

Pinus  Australis. 

Oleoresin. 

resin,  vola- 
tile oil,  tar, 
emp/reu- 
matic.  vola- 
tile oil. 

Tu  rpent  ine ,  r«»- 
in. 

Larix  Europa»i. 

(Larch.) 

Oleoresin. 

T u rpent  ine, rcft- 

Picea  succinifera. 

Resin,  empy- 

reumatic. 
•  volatile  oil. 

Turpentine.res- 
in. 

Abies      balsamea, 

Oleoresin. 

Turpentlne.res- 

etc. 

in. 

Abies  peclinata. 

Oleoresin. 

Turpentine,  rea- 

Abies  Canadensis. 

Pix    Canaden- 
sis. 

Oleoresin. 

Turpentine.re*- 
in. 

Abies  excel sa. 

Oleoresin. 

Turpentine,  res- 

Thuja occidemalis. 

(Arbor  Vite.) 

Branch  lets. 

in. 

Turpentine,  res- 
in. 

Turpentine,  res- 

Junipenis       com- 

Fruit. 

munis. 

in. 

Juniperus  Oxyced- 

Oleum     Cadi- 

Tar. 

Turpentine,  res- 

rus. 

num. 

in. 

Juniperus    Virgin- 

Branchlets. 

Turpentine,  res- 

iana. 

in. 

Junipenis  Sabina. 

(Savin.) 

Branch  lets. 

Turpentine,  res- 

Orchideae   .... 

Vanltla  planifolia. 

Vanilla. 

Fruit. 

in. 
Perfume. 

Orchis  ma  sou  la. 

Salepa. 

Tuber. 

Starchy        de- 
mulcents. 
Bitter. 

Cypripedium 

(Lady's     slip- 

Rhizome and 

pubvsccns,  ttc. 

per,) 

roots. 

Scitauinoe    .  .  . 

Maranta  arundin- 
acca. 

(Arrow- root.) 

Starch. 

Starchy        de- 
mulcents. 

Canna  cdulis. 

(Cane-sugar.) 

Starch. 

Starchy        de- 
mulcents. 
Starchy        de- 

Curcuma    leucor- 

Starch. 

rhiza.  etc. 

mulcents. 

Curcuma  Imiga.      \  (Turmeric.) 

Rhizome. 

Dye,   carmina- 

Curcuma Zetluaria. 

Rhizome. 

tive. 
Carminative. 

Amomum    Carda-    Cardamomum. 

Fruit. 

" 

momum,  etc.         1 

Amomum       Mele- 

Seed. 

" 

Kucta.  etc. 
Elettaria  repens. 

Cardamomum. 

Fruit. 

" 

E let t aria  major. 

Cardamomum. 

Fruit. 

" 

Zinti^iber        offici- 

Zingiber. 

Rhizome. 

'* 

nale. 

A 1  p  i  n  i  a     offici- 

Galanga. 

Rhizome. 

" 

narum. 

Haemodoracese         Aletris  farinosa. 

Rhizome. 

Bitter,  starchy 

demulcent. 

'  When  the  name  of  the  drug  is  not  given,  it  is  identical  with  the  generic  name  of 
the  plant. 


Thk  Cevde  Okganic  Drugs  by  Ordeks  {of  Vegetable  OitiGrK).— (C«it- 


Gholi^^  To 

Okdkk. 

OmaiH. 

Dace."' 

Part  Ubbd. 

WHICH  Tiia 
Dauci  Maimlv 

IrideK 

Iria  flotcntina. 

(Orria.) 

RhJsome. 

Starchy  dcraal- 

Ilia  vcnricolor. 

(Blue  flag.) 

RUxomeand 
Foota. 

ccnt.perfone. 
Anhyilrid     ca- 
thartic. 

Crocu  MthmB. 

(Saffron.) 

Stigma. 

Dye,    camiDS- 
thre. 

LUiacee 

Dioacorea  vUtoaa. 
SmOax      medlca, 

etc. 
Stnibui  omau. 

(WUd  yam.) 
sanqiariUa. 

Rhiaome. 
Root. 

Root. 

•• 

Smilax  China. 

Rliizome. 

" 

Potycoofttnin 

(Solomon's 
aeal.) 

RhixocM. 

Digitalis. 

ConvaUarla  msjat- 
ll. 

(Lily    of    the 
valley.) 

Rhizome  and 
roots. 

" 

AloeSocotritia,  etc. 

Aloe. 

Innteated 
Jolee! 
Bolb. 

Cathartic 

Allitm  tatlvtun. 

^'■' 

Muataid. 

UnlMa  ScUta. 
CcHcblcuu  antum- 

Bulb. 
Tuber     and 

Digitalis. 
Cdkhidn. 

tuth. 

seed. 

ChamKlfrlnm 

Rhizome. 

S^wtoxin. 

lutenm. 

TrilUnm  erectam. 

(Wake  robin.) 

Rhizome. 

" 

Veratmn  albam. 

Rhizotncand 
roots. 

Veratrin. 

Venitnun  rlride. 

Rhizome  and 
roots. 

*' 

Assgnea       offid- 
naiis. 

Seed. 

" 

Areca  Catechu. 

Areca. 

Seed. 

Anthelmintic. 

Serenoa         semi- 

tata. 
Calamus  Draco. 

(Saw  palmetto.) 

Fruit. 

Turpentine. 

Draconis      re- 

Resin. 

Resin. 

Metraxylon  Sagu, 

etc. 
Elseis  Guineensls. 

al  na. 
Sage. 

Starch. 

Oleum  Cocse. 

Fixed  oil. 

Fatly     emcdlt- 

Cocos  nucifera. 

" 

Fixed  oil. 

etit. 
Faliy     emolli- 

Ariseema   triphyl- 
lum. 

Tuber. 

ent. 
Acrid     volatile 
irritant. 

Arum  maculatum. 

Rhizome. 

Acrid    volatite 
irritant. 

Symplocarpus 

icetidutn. 

lUiizome. 

Acrid    votatite 

irritant. 

Acorus  Calamus. 

Calamus. 

Rhizome. 

Carminative. 

Graminete  .... 

Zca  Mays. 

Com. 

Stigma, 
starch,  and 
fixed  oil. 

Demulcent. 

Oryza  saliva. 

(Rice.) 

Starch. 

Sacchanim    offici- 

Sugar. 

narum. 

Andropogon  muri- 

Root. 

Perfume. 

catus. 

Andropogon  Schoe- 
namnus. 

Volatile  oil. 

'* 

Avena  sativa. 

(Oata.) 

Meal. 

Triticum  vulgare. 

(Wheat.) 

Starch. 

Agropynim  repens. 

Triticum    Re- 

Rhizome. 

Drfflulccni. 

Hordeum  distich- 

pens, 
(rfarley.) 

Malt. 

Nutrient,     Ux- 

um. 

ment. 

■  When  the  name  of  the  drug  is  not  given,  it  Is  Identical  with  the  generic  naote  ol 

the  plant. 
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The  Crude  Organic  Drugs  by  Orders  (of  Vegetable  Origin). — {C(m- 

Hnued.) 


Gro1j*p  to 

Ordbr. 

Origin. 

Drug.' 

Part  Usbd. 

which  the 
Drug  Maiklv 

Belongs. 

LycopodiacesE  .  . 

LycopodJum     cla- 
vatum. 

Lycopodium. 

Sponiles. 

Dusting    pow- 
der. 

Filices     ...      . 

DryopteriB    Filix- 
mas,  etc. 

Filix  Mas. 

Rhizome. 

Anthelmintic. 

Adiantum     p«da- 

(Maidenhair.) 

• 

Astringent  bit- 

tum. 

ter. 

Cibotium        Baro 

Pengawahr. 

Hairs. 

Mechanical 

tnez. 

styptic. 

Algae 

Choiidnis  crispus. 

(Irish  moss.) 

Plant. 

Gummy  demul- 
cent. 
Gummy  demul- 

Gigartina     mam- 

.. 

Plant. 

mtllosa. 

cent. 

Fucus  vesiculoaua. 

(Bladder- 
wrack.  J 

Plant. 

Gummy  demul- 
cent. 

Laminaria    Clous- 

Laminana. 

Stipe. 

Gummy  demuU 

ton  ia. 

cent. 

Cetraria  Islandica. 

(Iceland  moss.) 

Plant. 

Gummy  demul- 
cent. 
Anhidrotlc, 

Fungi 

Polyponis      offici- 
nalis. 

Agaric  us  albus 
(Boletus  Lar- 
icis). 

Plant. 

cathartic. 

Polyporus  foment- 

Fungus     Chi- 

Plant. 

Mechanical 

anus. 

nirgorum. 

styptic. 

Ustilago  Maydis. 

(Com  sRiul.) 
Ergota. 

Plant. 

Erp>t. 

Claviceps         pur- 

Plant. 

purea. 
Torn  la  cerevlsise. 

(Yeast.) 

Plant. 

Ferment. 

'  When  the  name  of  the  drug  is  not  given,  it  is  identical  with  the  generic  name  of 
the  plant. 
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ANALYTIC  INDEX  AND  DOSE  TABLE. 


The  actions  of  drugs  and  of  their  phannaceutic 
under  the  English  name  of  their  main  ingredient, 
groups.    The  materia  medico  and  the  doses  (in  the 
given  under  the  Latin  name  of  each  preparation. 
topic  is  indicated  by  boldfaced  type. 

P.  IV.  refers  to  the  experimental  section  ;  C,  to 
those  on  frogs ;  A/,  to  mammals.  The  tests  will 
P.  W.—C. 


preparations  will  be  found 
or  under  the  corresponding 
Metric  System )  are  usually 
The  main  mention  of  each 

chemic  experiments ;  F,  to 
commonly  be  found  under 


A.  C.  E.  mixtures,  445. 

Abbreviations  in  prescription- 
writing,  104. 

Abel  (epinephiin) ,  310. 

Abies  excelsa,  744. 

Abortion  by  ergot,  519;  by  ir- 
ritants. 657. 

Abrin  and  abnis,  413. 

Abscesses  after  hypodermic  in- 
jections, 143, 

Absinthe  and  absinthium,  431, 
7U. 

Absorbability  of  ions,  547,  548. 

Absorption;  on  cumulative  ac- 
tion, 137;  of  drugs,  136,  137: 
from  skin,  137,  141. 

Abstinence  symptoms  (mor- 
phin).  211.  2  13. 

Abstracts,  71,  74. 

Acacia,  746 ;  materia  medica, 
116. 

Acacia  catechu.  680. 

Accelerator  mechanism,  341.  247. 

Acer.  1 18. 

Aceta.  71.  7». 

Acetanilidum  fsee  A  ntipyretic 
group.  Sm  to  VH) ;  as  local 
anesthetic.  239;  constitution. 
365:  materia  medica.  164:  P. 
\V.—C.    769 ^iy'  *-<5 

Acetate  ion.  568:  P.  \V.- 

Acetic  extracts.  71,  75. 

Acetonum.  450. 

Acetonuria.  31S. 

Acetum.  585. 

aromaticum.  690. 


Acetum  cantharidis,  695. 

ipecacuanhse,   335.  .0.5  to  3.0 

opii,     333 0.3  to  1.3 

scillze,    506 0.6  to  3.0 

Acetyl-paramido-phenyl  salicy- 
late, 364. 

Achillea,   714 3.0104.0 

Acid  flavors,  125. 

Acid  salts,  &80,  681;  materia 
medica.  583. 

Acids,  concentrated  (see  Caus- 
tics, 66a  to  667) ;  neutraliza- 
tion, 660;  stains,  659;  vapor*, 

667:  P.  w.-c.  774.775. 

Acids,  dilute;  as  cholagogues, 
732;  effects,  579  to  ?8i;  gen- 
eralities, 576;  IrKiaily,  666; 
poisoning.  577.  578;  thera- 
peutics, 581:  P.  W. — M,  794. 

Acids,  materia  medica,  582  to 

587- 
Acids,  organic,  alkali  action,  588, 
'  Acidum  aceticum.  C83,  iH». 

dilutum.  581.  •*»*>.  0.1  to  1.0 

glaciale,  ^8),  aHa, 

pyroli(rn<^rtum,  585. 
arscniohum     ^B.Pj    [Arseno- 

sum.    C  S  KJ.  582.  610, 

o.ooi  Ui  o  &06 
benz'rt':iim.W0,«'S3.o,i  U*o.y 
\yjncum     ^Ijoracicum; .     a?*, 

5'l2  .  .0.^  to  I  o 

carnphon'-um,     -WS;     acti'/n, 

4^4  to  Af,fi    .  o  6  Vj  2  o 

car^y^/i'.-im  '^and  rrud'jrr.  and 

I:'j'-':fa/:vjrr,).  *»7,  r^?. 

^  The  pages  refer  nuinly  to  the  materia  rufA:'A  ;  f'jf  the  actions,  km  oivler 
"acids"  ud  ander  rh«  o'jfr»-«[XAding  'vx.\. 
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TABLE. 


Acidum  chroniicuin.  383,  a8S. 
citricum.  583.  6S6;  as  llavor. 

formitrum,  58^,  oNft. 
gallicum.  s8jt.  ((7t*.    o,  i  to  0.6 
hydriodicuni.  5S3,  5S4. 
hydrohromicum  dilutum,  58*. 

584.  610   .    .        5.0  tu  10.0 
hydrochloricum      (and      cru- 
dum).  583,  otiS. 

dilutum,   s8a.    .  ,o.f  to  t.o 
hydrocyanicum  dilutum,  473, 

582 -  .    0.1  to  O.J 

hydrosulphuric-um,  581. 
hypophospborosum    dilutum, 

5R? 0.1  to  I. o 

lacticiim,  583,  5S&< 
muriaticum.  5S3. 
nitricum    (also    fumans    and 
tcchnicum).  582.  *84. 

dilutum,    582-  ,  .0.10  to  i.o 
nitn>liy<lrochloricum      (nitro- 
muriaticum),  C82.  684. 

dilutum,  582.6(^4  .0.10  to  1 
ok'icum.  583.  687,  743. 
osmicum,  585. 
oxalicum.  5«3.  5S5. 
pljosphoricum,  5«3.  684. 

dilutum.  s83,*»84.  .o.ioto  1 
picricum.  391. 
pyrogalHcum.  583. 
salicylicum,  SM),  583:  locally, 

6S9     .   .         .      ...       O  70   to  0.5 

stenrtcum.  583.  6S6,  7^4 
sulphuncum    (also    crudum), 
582.  684,  585 
aromaticum.  686, 

o.to  to  0.5 
dilutum.    583       o.to  to  i.o 
sulphurosum.  582.  5K5. 
tannicum.  583.  678, 

0.06  to  I. a 
tartaricum.     583 ;    as    flavor, 

Irichluraccticura.  583.  68fl. 
yalerianicum,  685,  0.20  to  0.5 

Aciponscr.  746. 

Acoin,  240. 

Aconite.  Aconitin,  and  group, 
153,  i6q,  830  to  3S7;  central 
action.  3^4;  circulation,  332 
to  334  (Fig.  Co);  composition. 
330;  cxcrctinn.  504.  heart, 
33a  to  334;  history.  330;  local 
action.  331;  materia  mcdica, 
336;  tesU.  336;  therapeutics. 
336;  toxicology.  335;  treat- 
ment, 336;  P.W.—C,  765;  F. 


778.   792.    703;    ^^A    77S.   795. 
798.  799.  801. 
Aconitinum,     materia     mcdica. 

3.17       •   ■  ■   ;-O000J 

Aconilum.  materia  mcdica,  336, 
0.03  to  o.ia 
Acorns,  133.  714. 
Acrnlcin.  415,  QOS. 
Acrompgaly.  317. 
Action,  dcnnition  (local,  remote, 
etc.),  131.  133. 

pharmacologic ;    chemic    con- 
stitution on,  ijg,   130:  na* 
t\ire  of.  tag. 
Active  principle,  detinition,  23 
Acupuncture,  700- 
AddiBon's  disease.  311. 
Adcnin,  i;6. 

Adcps,    74J    (also  A.    bcnxoina- 
tus). 

lanic  (and  hydrosus) ,  14 1 ,  741. 
Adhesive  plaster.  745. 
Adiantum.  714. 
Adjuvant.  106. 
Adminisiration,      methods     of, 

130.  141  to  143. 
Adnnidin  .  .  0.005  ^  '^  ^'^ 

Adonis  ladonidin)  (sec  Dtgttatu 

group.  4$ I  to  506).  4S1.  497  ; 

materia  medica.  506. 
./Egle.68r. 
Aeration  systems  (tetany),  17. 

j8. 
.Aerometers,  42  (Fig.  jj). 
.4Ifk^aiUliera,  481. 
v^ilsculus.  714. 

vGtber    (puri Meatus) .    4(0    («k 
Etitcr). 

aceticus.  450. 
Agariein.  468  0005  too.oj 

A^e.   peculiar  actions  of  dru^ 

in.  140:  on  Tvsistaocc  tu  pen* 

sons.  ijH.  1411. 
Agglulrnation    of  bacteria  and 

olood- corpuscles.  405. 
Agriinonia,  714. 
Agrostennim,  524  to  $26. 
Air  in  veins.  142- 
Aix  waicr,  5^7 

Albuminates  as  nutrients.  tS$' 
Albuinoses,  fever  hy.   304.  4M; 

a-s  (chkI,   188.  764;  on  h-mph 

53g;  in  snake  vmorn.  411 
Alchemy,  144 
Alcohol    and    its    group,    41^ 

417  tolS7;admixtum^effccti 

of,    42 1;   00   central    ncrvwu 

systcnj.  417   to  433;  coatn- 
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indications,  439.  430;  in  con- 
valeiMrynce,  429;  as  counter- 
irritant,  430;  death  by.  420; 
depression  or  stimulatiun, 
418,  419:  on  dtf;estion,  473  to 
435:  dilutions  of ,  435.  436;  in 
dyspej)sia,  429;  excretion  of. 
425,  436;  in  exitosLire,  439; 
fate  of,  435  to  437;  in  fever, 
438;  as  foixl,  436:  as  hvp- 
notic.  429;  impurities,  effect 
of.  431,  433:  tuitzen jammer, 
430,  mamifarture.  434 ;  ma- 
teria medica,  434  to  437;  on 
metabolism.  436;  as  narcotic, 
439;  on  nervt'-rclls.  423  (Fik 
69):  on  nutrition,  435  to  437; 
paralytic  stajjc.  430.  431 ;  poi- 
soning, acute,  treatment  of, 
43.1  ■  on  psychic  processes.  4 18. 
419;  in  shock,  etc  ,  437,  assiil- 
vent.  63,  430;  specific  Kravity. 
435.  436;  stimulant  stage,  417 
to  419;  tests  for.  101 ;  thcorii'S 
of  action,  433:  therapeutic 
uses437  t043o;  onwork,4X9: 
P.  W.—C,  77' 

Alcohol,  A.  absolutum.  A.  de- 
odoratum.  and  A.  dilutum, 
materia  mrdica,  435. 

Alcoholic  extracts.  70  to  73. 
liciuors.  434  to  437. 
solutions.  68  to  74. 

Alcoholism,  habitual.  130  to 
484;  adulter:ints,  effects  of, 
433:  delirium  tremens,  434; 
heredity.  43^^ :  limitations. 
430;  pathnlojnc  lesions,  431. 
433;  stn,*chnin  in.  174;  treat- 
ment. 433- 

Alcohols,  higher;  action,  43t, 
433;  boiling-point  and  toxic- 
ity. 414. 

Alcohols,  polyatomic,  on  nerve- 
cells,  130. 

Aldchyds.  533. 

Alembic.  53. 

Aleuron.  18. 

Alkalies.  concentrated  (see 
Caustics).  663; neutralization. 
660;  stains,   659:  treatment. 

660;  R  w-r;  774. 775. 

Alkalies,  dilute.  i>.s;  to  n91 ; 
baths,  663;  in  diabetic  turiia, 
578,  effects.  587  to  589;  intro- 
auctor>'.  576  to  579;  local 
actions.  66  2 ;  therapeutics. 
589  to  591. 


Alkalies,  materia  medica,  593. 
stren^jth  for  lix"al  use.  593. 

Alkaline  mineral  waters.  595, 
saline  waters,  596. 

Alkaloidal  hypnotics.  197  to 
33^. 

Alkaloids,  38,  161  to  l&B;  con- 
stitution. 153;  definition,  151: 
discover^*,  153;  elementary 
composition.  153;  fonuation  in 
plants.  152:  reactions  and 
properties.  153;  putrefactive. 
396  (see  Ptomains)  ■  treat- 
ment of  poisoning,  151;  P.  \V. 
— C.  764.  766. 

Alk.innii,  i  14. 

Allantiasis.  370. 

Allium.  6Q3, 

Allspice.  123.  716. 

Allyl  isosulphocyanid.  693. 

Allyl  sulphocarbamid.  694. 

Almond  uil.  743. 

Almonds.  133.  473.  746. 

Aloe   and   aloe   purificata.   733. 
0.30  to  0-60 

Aloin.  733 0.03  to  0.12 

Aloin,  belladonna,  and  strych- 
nin, 723,  731. 

Alopecia,  6g6. 

Alterative  action.  758  to  760; 
vanadium.  6^0:  water,  544. 

Altha-a.  117.  746. 

Alum,  637  (see  Alumimum). 

Alum  weed.  681. 

Alumen  and  A.  exsiccatum,  637, 
0.3  to  i.o 

Aluinini  hydras  and  A.  sulphas, 
637     0.06  to  0.6 

Aluminium  ion.  general  actions 
and  materia  medica.  636.  627; 
local  actiuns  (see  Mctais, 
locaf),  670  to  683. 

Amanita.  368  to  370,  413. 

Ambrosia,  714. 

American  hellebore,  340. 
wnrmseed.  739. 

Amicln-aceto-phenetidin,  364. 

Ammonia  water.  663  {see  Aika- 
lici):  fnr  blistering,  696,  fre- 
r[uency  of  poisoning.  1 69 ; 
materia  medica,  592;  P.  IV  ^ 
M.  803. 

Ammoniacum.  rai. 

Ammnniated  tinctures,  ^3. 

Ammnnii  tienznas,  390.  .0.3  to  I 

bromidum.  561    0.3  to  4 

carfaonas.  556,  5A7,  593 

0.2  to  I 
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Ammonii  chloridum,  558 

o.ott  to  a 

iodidutn,  564 o.x    to  4 

valerianas,  685. ...  .0.0    to  i 
Ammonium  carbaminatc.  ^56. 
Aininniiium  ion.  M4  tn  So7;  in 

automtoxi cation.  556.  P.   IV. 

— F.  788;  jV.  79S.  ' 
Amygdala  amara.  133,  47S. 
Amygdala  dulcis.  745. 
Amygdalin.  468. 
Amyl  alcohol.  431,433. 
Amyl  nitris  (see  Nitrite  group, 

474  to  481),  materia  medica, 

480;  on  vision.  7.J8;  P.  W. — 

At.  775.  Soo 0.06  to  o.a 

Amylene  hydrate,  454:  materia 

medica.  4^5. 0.6  lo    3.0 

Amylolytic  ferments.  7^1. 
Aniylum,    materia   medica   and 

varieties.    tt6.    117.    758;   as 

food.  756. 
Anacartlium.  697. 
Anacidiiy.  752. 
Anagyris.  393. 
Analgesics.  455. 
Analog,  proof  by,  130. 
Anamirta,  119;  materia  medica. 

Anaphrodi.siac,  broraids,  561; 
camphor.  467. 

Andira,  698. 

Andro[»ogon,  120. 

Anemia.  633;  arsenic,  6og:  iron. 
633;  nuclein,  317;  oxygen, 
463. 

Ancson.  340. 

Anesthesia,  general  (see  Chloro- 
form Jill/  elltcr  f;roMp,  4)7  to 
4o01,  for  animals,  445  (P.  IV., 

?'83) :  atropin  and  morphin  be- 
OTV,  318,  319,  363;  by  nitnnis 
oxid,  458. 
Anesthesia,    local     (sec    Cocain 

group).  S3HtoS40. 
Anethtim.  133,  717. 
Aneun'sm,  coagulants  (gelatin). 
531;  ditn^lis  [M,  503;  emetics 

Angelica.  133. 

Angina  pectoris,  479. 

Angostura.  713j  false,  157. 

Anhalonium,  33^. 

Anhydrids  of  acids,  581 ;  cathar- 
tic. 733  to  735. 

Anilin  (see  CarvoJtc  group) ,  con- 
stitution, 365;  P.  XV.—C.  769; 
F,  788. 


Anilin  colors,  113,  390,  39?,  607. 

Animal  charcoal,  738. 

experiments,  value  of,  133  to 

134 
extracts.  306  to  SCO  (see  In- 

Wrnal  sfcrclion) . 

Anion.  587;  absorbability,  547. 
548. 

Anise.  133.  717. 

Anisotonic,  534. 

Annatto.  114. 

Anodynes.  455. 

Anorexia,  753. 

Antagonistic  action,  140 

Antemetics.  bismuth,  675:  ce- 
rium, 630:  champagne.  430; 
tniirj)lun,  319, 

Anthelmintics.  73S  to  737;  ma* 
teria  medica,  737  to  739:  P 
IV'.— A/.  800. 

Anthemis,  130. 

Anthracene   cathartics.    719   to 

723- 
Anthrax.  406.  409. 
Antiann  and  antiaris,  481,  49II 
Antidotes  fur  alkaloidal  pot&oc- 

ine,  154;  foV  arsenic,  633. 
Antifcbrin        (see        Atttipyrfiu 

^roHp).  8&5  to  36fi;  matena 

medica,  364  .  ,   0,3  lo  t  0 

An timoni i    et    potassii    lartrai. 

611  (see  Tartar  mutic) , 

O.OOA  to  0.13 

oxidum,  6ir  0.06    to  0.34 

sulphiduni  puri6catum.  611 

Artimonium    nigrum    purifica- 
tum.  611. 
sulphuratum,  611. 

0.0 1    to  0.06 

tartaratum,  61 1    (see   Tartar 

emelK) 0.006  lo  o  II 

Antimony  ion,  general  arlim 
and  materia  medica.  6 10.  611; 
on  intestine,  673:  local  artioa 
(sec  Mclals,  local) ,  67 1  to  W3. 

Antinosin,  i^i. 

Antipyretic  group.  S&&  to  Sfta; 
with  cafTem,  184;  coU*pae, 
357;  constitutiim.  .«64.  «•- 
age  and  choic-  -  -natcna 
medica,  364  of  ac- 

tion of  ari.j„ .  ..u.-,.  347. 
narcosis.  356;  ade-actions. 
358:  temperature,  355:  tJien- 
peutics,  360  lo  363. 

Antipyrin  (eee  Antifijirttit 
group),  Sa&  to  SA&;  aa  local 
anesthetic.  339;  constitutioa. 
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365;  materia  medica,  364;  P. 
XV.—C,   769;  F.    793. 

0.3  to  i.o 
Antiquated  names  of  solutions, 

Antisepsis  (see  Disinfection) , 
374  to  387. 

Antiseptic,  375, 

Antiseptic  group  (see  Carbolic 
group).  365  to  391;  for  sur- 
gery, 381. 

Antitoxic  serums,  399  to  401. 

Antitoxins.  1 39,  397  to  401 ; 
chemistry,  397;  disappearance 
from  blood,  138;  manner  of 
action,  136,  398  to  400;  pro- 
duction, 398;  table  of,  400, 
401:  tetanus,  168. 

Ants,  poison  of,  412;  spirits  of, 
586. 

Aortic  lesions  (see  Heart). 

Apache  tea,  189. 

Aperients,  736. 

Aphrodisiacs,  697, 

Apium,  122. 

Apocynein,  apocynin,  and  apo- 
cynum  (see  Digitalis  group, 
481  to  506).  481;  materia 
medica.  505 ;  P.  W.~F,  788. 

Apollinaris  water,  595. 

Apomorphin  and  group,  130, 
155,  381  to  323;  therapeutics, 
326  to  330  (see  Emetics);  P. 
XV. — C,  768;  F,  790,  792;  M, 
801  to  803. 

Apomorphinse  hydrochloras, 
materia  medica,  323, 

0.002  to  o.oio 

Aporetin,  721. 

Apothecaries'       measure 
weight,  3i. 

Apparatus  for  practical  work, 
77610787. 

Appetite,  stomachics  on,  710. 

Applegarth  (Heart),  247  (Fig. 
48). 

Aqua  ammonife,  592. 
fortior,  592. 
amygdalae  amane,  124,  474, 

4.0  to  15.0 

anethi    4.0  to  15.0 

anisi,  124 4.0  to  15.0 

aurantii  florum,  124, 

4.0  to  15.0 
fortior,  124.  .  .4.0  to  15.0 
calcis,  571. 

camphone,  467.  .  .4.0  to  15.0 
canii,  134 4.0  to  15.0 
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Aqua  chlori,  668;  preparation 
and  decomposition,  65. 

chloroformi,   450.  .4.0  to  15.0 

cinnamomi,  124. 

creosoti,  389 4.0  to  15.0 

fceniculi,    124 4.0  to  15.0 

fortis,  584. 

hamamelidis  spirituosa,  680. 

hydrogenii  dioxidi  (peroxidi), 
preparation,  65. 

laurocerasi,  474. .  .2.0  to    4.0 

mentha:  piperita,  124;  prep- 
aration, 64.  .  .4.0  to  15.0 
viridis,  124 4.0  to  15.0 

regia.  5  84. 

TOS2E,     124 4.0  to   15.0 

fortior,  124 4.0  to  15.0 

Aquas,  64,  65. 
Arac,  432,  436. 
Aralia,  123,  714. 
Araroba,  698. 
Archangelica,  122. 
Arctostaphylos,  122. 
Areca,  738. 
Argenti  iodidum,  629, 

0,015  ^  °'°^ 
nitras,  628  (see  Stiver  nitrate), 
0.015  ^°  °-'^^ 
dilutus,    induratus,    fusus, 
and  mitigatus,  629. 
oxidum,    629.  .  .0.03    to  o.  13 
Argonin,  629. 
Areyrism,  628, 
Anstol,  382, 
Armenian  bole,  114. 
Armoracia,  693. 
Arnica;  flores,  686,  889. 
Arnicas  radix,  686,  689  (Fig.  11, 

p.  38). 
Aromatic     acids,     constitution, 

364- 

Aromatic  ammonia,  558. 

Aromatic  bitters,  714. 

Aromatic  compounds  (see  Coal- 
tar  derivatives,  354  to  391). 

Aromatic  elixir,  75. 

Aromatics,  709  to  712;  materia 
medica,  712  to  717. 

Arrous  (heart),  249,  250. 

Arrow  poisons,  aconite  group, 
330;  curare  group,  274;  digi- 
talis group,  481. 

Arrow-root,  117  (Fig.  i,  p.  20). 

Arsenic  ion,  130,  135,  169,  602  to 
610;  absorption,  606;  acute 
action,  603,  604;  administra- 
tion, 609;  antidote,  633; 
chronic   poisoning,    604;   cor- 
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rosive  action.  602,  671  10683 
(see  Metals,  local) ;  in  dentis- 
trj',  602;  destruction  in  liver. 
I  j6 :  diagiio&is,  608 ;  disap- 
pearance from  blood.  158;  cx- 
cretiun,  606;  habituation,  606; 
niatcria  mcdica,  610;  on  met- 
abolism ,  605  -.  postmortem 
apiM.-arances.  6o« :  on  skin. 
606 ;  summary  of  actions,  60  j ; 
therapeutic  usi-s.  609;  on 
thyruid  poisoning,  ^114:  toxi- 
colojfv,  607 ;  treatment  of 
poiEoiilng,    609 ;    P.    W. — M, 

»  794-.      ,      . 

Arsenii     lodidum,     610, 

0.00 1  to  0.006 
Arsenious  acid,  610. 
Arseniuri'ted  hydrogen,  462 
Artemisia.  714. 

jjaudliura.  738. 
Arteriosclerosis,      iodids,      564; 

nitrites.  479 :  thyroid,  316. 
Arthralgia  satumina,  643. 
Arlificial  liquors.  432. 

resins.  73.  75. 

n^spiralion  {see  Respiraiion). 
Asafetida.   6»5       ,  .  .  ,0.2  to  0,8 

mixture.  685. 
Asagrrea.  337. 
Asarum,  i3j. 
Ascaris,  738, 
Ascitfs  (see  Dropsy),  treatment, 

oil;  caffein,  184. 
Asimina.  714. 
Asparagxis.  511. 
Asplivxia.  phenomena  of.  16£; 

on  ^eart.  245. 
Asphvxiant  gases.  457  to  461. 

Aspidium.  737 i.o  to  6.0 

Aspidosamin  and  aspidospermin, 

Assaying.  8fi  to  90;  Keller's 
method.  89,  90;  official 
methods  (opium).  86  to  88. 

Asthma,  treatment  of.  262  to 
264;  also  arsenic.  609:  calTein. 
184:  cocain.  336:  iodids.  564; 
nitrites.  479;  pilocarpin,  301. 

Astragalus.  746. 

Astringent  hitters,  713. 

Astringi-nl  group,  in  diarrhea, 
675.  676.  differences  beHveen 
metals.  669,  670;  on  tnCestine, 
675.  materia  medica,  678  to 
6iti ;  mechanism  of  action. 
655,  656 ;  memljens,  673 ; 
strength  of  solutions,  682;  as 


styptics.  677;  therapeutic  bi- 
dications,  673  to  675. 
Atheroma    (sec  Artcriiiscteroiii) 
from  alcohol.  432.  emetics  is 

Atropa,  atroptn  and  its  miup. 
IJ9.  150.  133.  «5'.  153.  KfiOWj 
24Hi,  310,  394,  actions.  251  Va  | 
238,  m  asthma,   262   to  364  j 
on    central    nervfms    system. 


251,  253;  00  cirrulati»»n.  357  I 

(Fig.  49.  P   i53l;  ■  ' 

of,  352;  destructiv-n  by  liver. 
136;   differences  in  nicinben. 
259;    dosimetric    tabic.     260;! 
excreuon.   259,   264;  on  ey»,| 
254  to  256:  on  glands,  zjt  lol 
254;  on  heart,  257;  immunity,  j 
259;  as  \<Ka.\  anesthetic,  ^ji;  1 
matt-ria    medica.    264.   n*cm-i 
bcrs  of  group.  350  to  251;  tnJ 
morjthin-poisoning.    217.    oe-1 
currencc,  251 :  poisoning,  35*;  [ 
relation  to  other  groups,  ito. 
on  rest>iration  (Fig.  49).  253. 1 
smooth    muscle,    356,   struc- 
ture. 350;  summan.'  of  actioa.  I 
251;  therapeutics.  260  to  264. 
treatment  of  poisoning.  2». 

toxicology.   35S  to  2^9.  f    "' 

— t'.   7*).   7«";  /•'.  >78-  79'., 
79».     M,  775.794.  799. ttoi  to 

803. 

Atropma.  266    .    0.0005  to 0001 
Atropina'  sulphas.  266. 

0.0005  toooei 
Auramin,  391. 
Aurantii   arnari   cortex,  cortm 

siccatns.  cortex  rccims.  714. 
Auri  ec  sodii  chloridum,  619. 

0.002    tooooA 
Autointoxication,     amtnoaiviD. 

556:  cholin,  etc  .  969;  toddos. 

3^5  (see  Vrmtia). 
Avoirdupois  weight,  33. 

Bacterial  poisons.  Si&  to  IN; 
action,  402  (manner  of.  j«^ 
IcK-al,  403:  systemic.  40$/ 
antitoxins.  ^97  ftablr.  40«,V 
chemistry  of,  396 .  clrimiticoA 
396;  details  of  actions,  tfil 
tt-ViT  by,  394 :  formation  «. 
39^;  immunity  to.  399;  if*" 
cial  diseases.  406. 

Baden-Baden  ¥rat«r,  595. 

Bael  fruit.  681. 

Baer  (alcohol),  414. 
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'  s  aramonia,  557. 
nccs,  chemic.  S?,  88  (Figs. 
14  to  17) ;  fur  specific  gravity, 
43  (Fig.  36). 
Baldness,  696. 
Ralm,  1 30. 
Balm  of  Gilead.  121. 
Balsams,  definition,  iS;  materia 

mcdira,  fiSg.  fttyo. 

Balsamxim     PcrmHaniim,      121. 

6S6,  fi!J9;  in  tuberculosis,  3S3, 

0.5  tu  2,0 

Balsamum      Tolutanum,      121, 

Barium  ion,  130,  671;  P.  W". — 
F.  7g3.  M.  7q8,  800,  8oj. 

Bark  (botanv).  17. 

Barluy  starch,  ao  (Fig.  i). 

Barosma.  692. 

Basedow's  disease,  J14:  atropin, 
262. 

Basis  (prescription).  toC. 

Bast  cells.  25,  2B  (Fig.  8). 

Baths,  703;  alkaline,  strength. 
593;  as  diaphoretic.  303: 
medicated,  6S3;  mineral,  594; 
phamjacy.  50 ;  temperature, 
700  to  703;  watery.  544. 

Batteries.  /*.  II'.,  777. 

Baum  (alcuhol),  .|33. 

Bean  stiirch,  30  (Fig.  i). 

Bcarbcrr>'.  387    1.0  to  4.0 

Bedfurd  waters,  506,  597. 

Bee  ixiison.  397.  413. 

Beef,  iron,  and  wine.  190,  4.0  to  8 

Beef-juices.   187.  75-4. 

Beeftcas.  186  to  188. 

Beer,  421,  43";  hops  in,  227. 

Beet  sugar,  1 17. 

Belladonna  (see  Atropin  group, 
S&0to2ft6),  169:  histor>',  251; 
materia  medica.  264,  0.06  to  3 

Bclladonnin  (see  Alropitt  group, 
230  to  266).  250,  257. 

ficnzanilid  (see  A  ntipyretic 
group.  3oo  to  305),  468;  con- 
stitution, 365;  materia  med- 
ica. 364 0.3    to  1 .0 

Benzoic  acid  (see  Carhodc  acid 
group.  36&  to  391),  constitu- 
tion, 164 ;  materia  medica, 
390;  sublimation,  51  (Fig  34); 
F.  W. — C,  770 0.1  to  0.5 

Benzotnum,  121,  6N9. 

Benzol.  445;  ring.  152. 

Bcnzosol,  382. 

Betizoyl  anilid,  364. 

Berbefidin,  153. 


Berbcrina;  sulphas.  926.  71S, 

o.  I  to  0.3 
Bcrheris.  714. 
Beriberi.  400. 
Betain,  267. 
Betula.  390. 
Bhang.  326. 
Bichlorid  of  mercury,  637   (see 

\tercHry). 
Bile  (sec  Ckotagcgucs) . 
Biliary  calculi  (see  Gatl-stoHCs) . 
Binz.  on  alcohol,  418,  4sa:  oa 

bromids.  c6o. 
Biology,    relation    to    pharma- 
cology. 127.  t28. 
Bismutn  ion,  general  action  and 

materia    medica,     38  3 .    61£ ; 

local  actions.  670  to  683  (see 

Astringents). 
Bismnthi  citras.  fit  3  .0.30  to  1.0 

et  ammunli  citras.  613, 

0.12  to  0.3 

salicyias,  612 0.30  to  1.0 

subcurbonas,  6ia.  .0.30  to  4.0 

subgallas.  612  .  .  .  .o-.to  to  4.0 

Mibnilras,  613        .  .0.30  to  4.0 
Bitter    almond.     46S,     materia 
medica.  473. 

apple.  724. 

orange,  714- 

principle.  definition,  27. 
Bitters.    709    to    712;    materia 

medica,  71a  to  717. 
Bixa,  114. 
Black  antimony.  6tt. 

crphosh,  713. 

draught.  546,  7S0. 

hellebore.  506. 

mustard,  693. 

pepper.  716. 

snakeroot,  713. 

wash,  637. 
Blackberry.  681 
Bladder  paralysis.  161,  17S, 
Blaud's  pill.  623. 
Bleached  wax.  744. 
Bleaching  powder,  668. 
Blood,  alkalinity,  577. 

-corpuscles,  agglutination, 
405;  arsenic,  605;  iron.  619; 
UUmg,  404,  405  {F.  W., 
773):  ]>ermeability.  139. 

disappearance  of  poisons,  138. 

pigment  (sec  Hemoglobin). 

pressure,  interpretation.  S07; 
Traube-Hering  curves,  aoi; 
F.  W.,  797  to  803. 

specific  gravity,  method,  43. 
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Blood-root.  144.  223. 

Bload-vvs!)i-ls,  peripheral  actions 
on.  P.  W..  798  (see  Vaiocon' 
slrktion  and  VasodUatation). 

Blue  cohosh,  536,       • 
flag.  7i^. 
mass,  ptll.  salve,  636. 

Blue-stone.  630. 

Blue  vitriol,  630. 

Bock  (heart).  249  (Fig.  48,  p. 
24&):P.  IV..  800. 

Bohr  (heart).  349. 

Boldea,  714. 

Bole,  Armenian.  114, 

Boletus,  468. 

Bolus,  79. 

Bone,  arsenic,  605;  mercury. 
634:  phosphorus,  647. 

Boncbtack,  73S. 

Bonesct,  714. 

Borates  and  boric  acid,  379.  382, 
£74,  375. 

Borax.  371J,  574.  575;  local 
actions  (see  Alkalies). 

Borneo  camphor, 4(14  to469;  ma- 
teria medica,  46S.  .  .0.3  to  i.a 

Boswellia.  i^i. 

Botulismus,  370, 

Bouillon.  186  to  188. 

Bouquet  of  liquors.  421. 

Brain,  progressive  paralysis  in 
froR,  198. 

Brandy  (see  Alcohof),  ^a2,  435, 
43&- 

Brandywine  water,  597. 

Brassica.  693. 

Brayera.  738. 

Breast-tea.  530.  74<. 

Briegor  [toxins),  167 

Brigntun  water.  597. 

Bromid  ion.  558  to  561;  materia 
medica,  561. 

Bromin.  667. 

Bromiptn.  561 4.0  to  15.0 

Bromism,  559 

BrDmoform,  415;  materia  med- 
ica. 450 0.05  to  0.4 

Bromum.  668. 

Bronchitis  (see  Cough),  morphtn 
group  in.  Ji8. 

Oroom-plant.  791,  399.  305. 

Brown  mixture.  530. 

Brucin  (see  Strychnin  group), 
i5»-  153.  '57.  «66.  167.  ao9; 
materia  medica,  176;  /*.  IV. — 
C.  766 0.05 

Bninton  (counterirritants) .  704, 
705  ■ 


Bryonia,   725 0.6  to  4.0 

Bu'brmic  plague,  400, 
Bucliheim,  150. 

Buchu.  693 3.0  to  4.0 

Buckthoro.  733 

Bulbus  (bf>tany),  17. 

Bulmenia,  115. 

Butn])inR.  53. 

Bunge  (iron),  616. 

Burettes,  41. 

Burgundy  pilch.  744. 

Burnt  alum,  637. 

Butter  as  emollient.  743;  as  food. 

Butternut.  681. 

Butyl  chloral,  454.  .  .0.3  to  10 

Butyrura.  743, 

Cacao,  189;  butter,  743. 
Cachexia.     21J;     arsenic,     6og; 

stnimipriva,  )i6. 
Cactus.  325.  4«2. 
Cadmium  ion,  630;  P,   W. — F, 

788. 
Ca^sium  ion.  554. 
CafTea.     materia     medica.    1S9. 
Caflfein  and  group.  133,  136.  t^t. 

176  to  190;  absorption.  iSs; 


I 
I 


action,  details.  177  (Fig-  47. 
p.  179);  beef-teas.  186  tu  j88; 
beverages.     185 ;    blood-prK- 


sure.  178.  183:  cardiac  muscle. 
180,  iSi:  central  ner\*oui 
system,  1S3;  death,  183:  dif* 
ferences  in  members,  183; 
diuretic  action,  181,  183;  ri- 
cretinn.  183;  fate.  183:  on 
fatigue,  180:  habitual  usf. 
ifi6;  on  heart.  17R,  iRi,  m*- 
teria  medica,  189.  too:  un 
medulla,  178;  on  metabolism. 
183;  on  muscle,  tH-\.  occur- 
rence. 177;  palpitation.  tSi, 
paralvsis  from,  iKo;  on  psy- 
chic /unctions.  177;  oa  trspir- 
ation.  178;  rijfor,  ijq.  ito. 
skeletal  and  smooth  nrosck, 
180.  tin  spinal  cord.  ijS.  177: 
stimulant  action,  1S3;  suxa- 
mar\'  of  actions,  177:  on  tcsr- 
perature.  183:  tetanus.  179. 
180:  therapeutic  uses.  1B4; 
toxlculoK>'.  184;  vagus  aod 
vasomotor   ccnleri,    17S.   F 

w.—<:.  766, 7«7;  F,  78*. ;». 

793;  .W,  799.  ftoa. 
Caneina  citrata.  materia  tnrdica. 
190    ...04 
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CafTeina     citrata     cffen'cscens, 

materia  medica,  190.  . .  .10.0 
Caffeol.  185, 
Calabar  bean  {scv  Physostigmih) , 

materia  medica,  306. 
Calabarin,  157;  materia  medica. 

.J06. 
Calamus,  12a,  714. 
Calcii  bromidum,  561,  0.3  to  4,0 

carbonas,  57U,  59^,  i-o  104.0 
precipitalus.  570.  i.o  to  4.0 

chloritluin,     571     (in     hemo- 

»philia,  5^3) 0.3  to  1.3 
hydras.  571. 
hypophosphis.  6^0.  o.ia  to  t.s 
phosphas  precipttatus,  571, 

0.3    to   3.0 

sulphas,  745. 
Calcium  ion,    133,    153,   fil>tt  to 
£71;    in    carbolic    poisuning , 
371;  materia  medica,  570;  P. 
W.—F.  790. 
Calculation  of  doses,  787. 
Calculi  (see  Biliary  and  Urinary 

calcuii) . 
Calisaya  (see  Quinin),  materia 

meaica,  35*- 
Calomel,  637  (see  Mercury);  as 
mm       cathartic.  673:  as  cholagogue. 
!■       731;  as  diuretic.  673;  as  in- 
H     tcstinal  antiseptic.  385. 
^rCatumlia.  712. 
V^a^'X'  &71t  593. 
Calx  hydraia.  59*. 
Cal\  SAiiphurata,  665. 
Calyx  (botany).  18. 
Cambodia,  735-  •  .  •  •  .0.06  to  0.3 
Caniellia,  189. 

Camphor  and  its  group,  78,  AM 

to    AVlii'y    actions.    464.    466; 

K     materia   medica.   468 ;   inem- 

^^     bers,    464 ;    therapeutic    uses, 

■  466. 467.  >■•  IV  — /•'.  788.  790. 

■  79i;A/,  8ot. 
Camphor-chloral,  468. 
Camphura,   467 0,2    to  t  3 

tmonobromata,    464    to    468; 
materia  medica.  4((S, 
0.1 3  to  0.6 
Camphorated  oil.  467. 
Canadian  hemp,  505. 
Canadin,  226. 
Cane-su^ar.  117. 
Cannabis  indica,  224,  22n;  ma- 
teria medica,  336,  337;  /'.  W., 

705- 
CannuUe.  77S:  mscrtion,  784. 
Cantbaridm  group.  694  to  697. 


Cantharis,  169.  695;  P.  W.,  766. 
0.03  to  0.06 

Caoutchouc.  38,  744. 

Capillaries,  arsenic,  603. 

Capsicum,  133,  694,  6M. 

Capsules,  80t  Si. 

Caramel.  114- 

Caraway.  123.  717. 

Carbo,  72S    i  .0    to  4.0 

Carbohydrates.  756.  757. 

Carbolic  acid,  carbotates,  and 
groufi.  1 36,  169.  36o  to  891; 
as  anesthetic,  339;  as  anti- 
septic, 367 :  on  circulation 
(Fig.  68).  368  to  370;  fate, 
373:  history,  366;  local  ac- 
tions, 366  to  368 ;  materia 
medica,  387  to  391 ;  methemo- 
globin  formation,  373;  sum- 
mary of  actions,  366;  systemic 
action.  36S  to  370;  tests  for. 
100,  101;  therapeutic  uses, 
374  to  387:  treatment  of  poi- 
soning and  toxicology,  370, 
371;  P.  W.—C.  7O9:  F,  788. 
703:  W,  798. 

Carbon  dioxid  (see  Carbonic 
acid). 

Carbon  disulphid.  461,  463, 
monoxid.  4oS  to  461. 

Carljonated  drinks.  503. 

Carbonated  mineral  waters.  595. 

Carbonic  acid,  assimilation  by 
plants.  36;  gaseous  action  of. 
•  458  to  461;  in  solution,  595 
(as  flavor.  i33>. 

Carbonic  oxid.  +68  to  461. 

Carbonization.  49. 

Carcinoma.  orthoform,  239: 
stn*ptoc<)cci.  403. 

Cardamomum.  133.  717. 

Cardiac  depressants,  342;  alco- 
hol aj^ainst,  437,  438;  from 
bactcnal  poisons,  404. 

Cardiac  stimulation,  165. 

Cardiomvograph,  798. 

Cardol.  694. 

Care  of  balance,  38. 

Carica.  751. 

Carlsbad  water  and  salt,  s<)6' 

Carmin,  114. 

Carminative.  711;  materia 
medica,  715  to  717. 

Carminie  acid,  1 14. 

Carotid  artery,  isolation  of,  784. 

Carrageen,  materia  medica,  116. 

Carron  oil,  60?. 

(^rrot,  123. 
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Carutn.  m,  187.  46S.  717. 

Carya.  fiSi. 

Car>'ophyIlum.  laj.  716. 

Cascara  sagrada,  731. 

Cascarilla,  711. 

Cassia.  1 33  (aetina.  7  20) ;  fis- 
tula. 73i;pulpa,  731. 

Castanea,  6!tt. 

Castile  soap.  5QI. 

Castor  nil,  jig;  iiean  (ricin),4iJ. 

Castratinn.  X!B  tn  320. 

Cataphoresis.  142, 

Cataplasmata.  83. 

Cataria.    686 i.o  to  4.0 

Catarrhs.  Hydrastis  in,  336; 
patholijgy  of,  654, 

Catechu.  680. 

Cathartic  acid.  720. 

Cathartic  salts  {ace  Saline  ca- 
thatiic.K). 

Cathartics.  713  to  7So.  anhydrid 
gruup.  723  to  775;  classilica- 
tion,  736;  contraindication. 
734;  irritants,  721?.  731;  me- 
chanical, 738;uils.  719;  special 
indications.  7^4;  summary. 
735;  therapeutics.  732  to  7^5; 
time  oi  taking.  733;  vegetable 
(general  discussion.  715,  718; 
9ee    VfgelabU   cathartics);   P, 

J^' .  794,  795- 

Catliartm.  730. 

Catnip.  686, 

Caulophyllum,   536.  .  .0.3  to  3.0 

Caustics,  action,  ni.  141.  <132 
to  660  (see  A<ids.  AJkalics. 
etc.):  on  alimcntnn,- canal,  657 
to  65g;  choice,  679;  diagno.sis 
of  the  poison.  656;  in  eye.  66:; 
by  metals,  66q  to  68 1;  neu- 
tralization. 660;  orthoform 
against  pain,  239:  pathology, 
65J  to  654:  perforation,  658; 
postmortem.  659:  shock.  658. 
on  skin,  656;  stains.  65Q: 
strengths.  6S3;  therapeutic 
indications,  679;  tuxiculogj-, 
656  to  661;  treatment  (local, 
637;  by  mouth.  660);  volatile 
caustics.  654,  660:  P.  li'.^-C, 

„  y?'*.  775.-       , 

Cauterization  [sec  Causttcs);  as 

countcrirritanl,  702. 
Cayenne  pt-jjijer.  696 
Celandine.  siO;  materia  medica, 

234. 
Celery.  133. 
Cells,'  vegetable,    it;   contents 


and  enclosures.  18;  forms,  ij.;^ 

glandular.  sS. 
Cellulose.  33. 
Centigrade  scale.  34. 
Centigram.  33. 
Centimeter.  33. 
Cephelis    and    Ccphahn. 

324 
Cephalanthus.  714. 
Cera.  744 
Cerates,  «3. 
Ceratum.  744. 
Ccralum  cantharidis.  Oflfi. 

cetacei.  744. 
Cerii  nxalas.  630    — 0.06  10  1 
Cerium  inn.  639.  630. 
Celaceum.  744- 
Cetraria.  1 16.  757. 
Cc-vatlilla,  (37. 
Cevadin.  340. 
Chalk.  570. 
Chalvbcale  mineral  waters.  597. 

625. 
Chalybeate  pill,  633. 
Chamomila.  t3o.  688. 
Charas,  336. 
Charcoal,  728;  for  decolohstng. 

63. 
Charcot-Leyden  cr>'stals.  319, 
Chartn  sinapis.  693. 
Cheese  as  food.  755. 
Cheese -poisoning,    morphiii   m. 

218. 
Cheiranthin    and     cheiranthus. 

481    (sec  DtgilaUi  gr^mf'.  451 

to  506). 
Cheler>-ttirin,  209. 
Chehdonin     and     chelidoniitm. 

153,  309,  ato:  materia  medics. 

334. 
Chemic  consUtutitm  on  action. 

139.  130. 
Chemic  solution,  55. 
Chemistr\'  as   related   to  Ph»^ 

macol<^'.  I  28. 
Chenopodium.    730.  .  .1.0  to  30 
Cherry  kernels.  468. 
Cherr'v  laurel,  133. 
Chestnut.  681. 

Cheyne-Stnkes  rrspiratioa,  »«» 
Children,  drugs  on.  140. 
Chili  saltpeter.  584. 
Chills,  alcohol.  428. 

Chimaphila,    387 j.o  to  Ip 

Chinoidin,  materia  medira.  313. 
0.5  to  I.J 
Chirata.  -jtj. 
Chloral  and  its  grotip,  72.  li^ 
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30ff,  47.3.  461  to  457 f  chloral 
proper.  451,  45a;  choice,  456; 
contraindications.  457;  indi- 
cations, 455,  456:  materia 
medica.  454,  455;  members. 
453  to  454:  tests  for,  loz;  as 
vesicant.  696;  P  IT. — C,  771; 
.\f.  8oj.  Soj, 

Chloral  (hydrasl.  454  .  .0  3  to  a 

Chloral  camphoratum.  454. 

Chloral  fomiamid.  45S;  materia 
mcdica,  455  003  TO  3  o 

Cbloralamid.  4o3;  materia  mcdi- 
ca. 455 °-3  to  3  o 

Chloralose,  468;  materia  mi-dica, 
455 °  03  to  0.5 

Chlorate  ion.  133.  WJIt  to  56S; 
materia  medtca.  56S 

Chloretone  as  h\*pnotic.  446;  as 
local  anesthetic.  J40.  materia 
medica.  455     .      .0,3    to  1.0 

Chlorid  ion,  130.  3«3,  564. 

Chlorin.  667. 

Chlorinated  lime.  668. 

Chloroform  and  ether  p-oup. 
169.  180.  415.  417-  433.  «7  t" 
450;  administration,  446  to 
449;  afU'r-clItCts,  443;  for 
animals.  445;  causes  uf  death, 
441  to  44.^;  choice  of  anes- 
thetics, 444:  on  circulation, 
440  (Fig.  70);  decomposition, 
442;  histor>'.  457;  local  ac- 
tions. 450:  materia  medica. 
450;  in  obstetrics,  449;  other 
anesthetics.  445 ;  paralytic 
stagl^  symptoms  of.  4^9  to 
441 ;  postmortem  appear- 
ances, 443 ;  practical  rules. 
446  t0  44S;  stages.  438.  439: 
treatment  of  accidents,  448, 

449- 

Chloroform-acetone  (see  Chhre- 

tort*) , 
Chloroformum.  4:10;  as  solvent. 

63:  tests  for.  I'oi:  P.  W. — C. 

777:  M.  798,  Soo,  801, 

o.  t  to  1.0 
Chlorophyll.  18,  !».  j6. 
Chlorosis.  61U  to  U23  (especially 

iron  in);  arsenic  in.  609;  nu- 

cleins  in.  317;  ovaries  in,  3J0: 

oxygen   in,   463;    phosphorus 

in.  649. 
Chlorum,  668. 
Chocolate,     r  86     (see     Caffeiu 

group) :  materia  medica,  i8g, 
Cholagogues.  727.  744.  781, 


Cholera  Asiatica.  130.  395,  399, 
404.    405,    ttOS,   604,    609; 
virus,  401. 
morbus  (sec  Diarrhea). 

Chohn.  26;.  26»»  770,  319. 

Chondrodendnm,  714. 

Chondrus,  i]6,  757. 

Chorea,  hrnmids.  ?6o;  coniin, 
199;  physostigmfn,  299- 

Chromium  ion.  6a6. 

Chry.santhemum.  709. 

Chrvsamltin  and  chrysophanic 
acid.  «ttH,  719. 

Chr)-s«jl<ixin,  612,  520. 

Cicula  and  cicutoxin,  191;  ma- 
teria medica.  193. 

Cimicifuga.  713. 

Cinchona  (see  Quinin).  materia 
medica.  351  (Fig.  8.  p.  jj). 

Cinchonicm,  353. 

Cinchonidina;  sulphas,  materia 
medica.  353;  P.  W.— F.  788. 
0.3101.5 

Cinchonina.  152,  153;  materia 
medica.  353 0.3  to  1.5 

Cinchoninir     siilphas.     materia 
medica.  353;/*.  IV. — F.  78H. 
03  to  15 

CinchfTnisin.  W8. 

Cinnaniic  acid,  constitution, 
364;  in  tulxTculosis.  383. 

Cinnamomum.  123,  716, 
camphora.  467. 

Ctnquefoil.  68r. 

Circulation,  schematic,  494  (Fig. 
7o>- 

Circulatorj'  solution,  55. 

Citrate  ion,  547  to  550,  5tt8. 

Citrine  ointment,  638. 

Citrullus.  734. 

Citrus.  lao,  laz. 

Classification  of  drugs.  149, 151>. 

Climate.  597.  J98. 

Clinical  medfcine,  relation  to 
pharmacolngj',  128;  clinical 
ob.-Mjrvatifin.  131.  133,  134. 

Clonic  spasms.  157. 

Cloves,  materia  medica,  123, 
71ft. 

Clj^stcrs,  728. 

Cnicus.  714. 

Coagulants  of  blood.  $23. 

Coal-gas.  458. 

Coal-tar  derivatives.  851  to  391 ; 
antipvTetic  group.  355  to  364: 
antiseptic  group,  365  to  311; 
chcmic  constitution.  364;  dis- 
infection,  374,  to   387;   fate. 
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373 ;    methemoglobin    fonna- 
tion.  371;  sxunmar>' of  actions, 

Cobalt  ion,  627;  in  cvanid- 
poiBoning.  473;  P.  W. — F, 
788. 

Coca,  materia  medica,  340. 

Cocain  and  group,  is^.  309.  S28 
to  241,  394:  administraliim, 
J36  to  2jS,  astringent  effects, 
^ii-  °n  blood  pressure,  3^1. 
on  brain.  230:  cause  of  death, 
331;  chronic  poisoninR.  2^i,: 
decomposition  and  derivation, 
333;  details  of  actions.  330:  on 
eye,  233;  failure  to  act.  23S; 
fatal  dose,  338;  fate.  334;  in 
fatigue.  330:  habit,  335;  on 
heart,  331;  histun-,  338;  on 
hunger,  330:  infiltration  and 
intraneural  methods,  237; 
local  anesthesia,  336,  materia 
medica,  340:  members,  22ft. 
234;  on  medullar].'  centers. 
230;  on  mctabulism.  234;  on 
ner\-e-endings  and  fibers.  333; 
paraneural  method.  337;  on 
pressure  and  pulse,  331;  rela- 
tion to  (tther  groups.  315,  on 
secretions,  234;  Schleich's 
mcthtxl,  337:  side-actions,  238; 
on  spinal  cord.  232;  subdural 
injection,  233.  337;  summary 
of  action,  229;  on  tcmpcra- 
twre.  230:  therapeutic  uses, 
236  to  238;  toxicoloK\'  and 
treatment.     235;    P.    W. — C, 

794.  801- 
Cocainx  hydrochloras.   materia 

medica,   240   . .  .0.008  to  o.ts 
Cocciilus,     I  III ,     192 ;    materia 

medica,   193 0.15 

Coccus.  114. 

Cochineal,  1 14. 

Cochlearia.  693. 

Cock's  comb,  ergot  and  other 

drugs  on,  514,  515 
Cocoa.  186  (see  Caffetn  group). 
Cocoanut.  737. 
Codein    (see    Aftvphin    group) , 

153,  197,  199;  materia  medica, 

a23;P.  H'.— C.  767. 

0.015  to  o" 
Codcins  phosphas,  a.015  to  0.12 
Cod-liver  oil,  756;  materia  med- 
ica. 758.  .......  .8.0  U»  15.Q 

Coflee  (see  Caffetn  group).  Ififi, 


186;   introduction.    285;  nutF 

teria  medica.  189. 
CofTcc-grounds  vonul.  659. 
Cognac.   435,   436    (sc«  Akokci 

group). 
Cola,  materia  nsedica.   189  (see 

Casein  group) . 
Colatinn .  60- 
Ct^iUhici      radix      and      colchid 

semen,  materia  medica,  341. 
0,1  to  0.5 
Colchicin   and    colchicura,    153, 

340,  311. 
Coll]  a.s  local  anesthetic,  >39. 
Cold  baths.  700,  701. 
Cold  cream.  744. 
Cold  extremities,  nitritesaxiiinit, 

479 

Cold  sweat.  302. 

Colds,  aconite  in.  336;  alcohol  in. 
428;  camphor  m.  467.  dia- 
phoretics in.   304;  qtunin  in, 

Colic,  biliarj'  and  renal,  atrnpin 

in,  261. 
Collapse  fmm  antipjTetics.  557; 

causes    and    treatment.    196; 

camphor   in,    467,    strychnin 

in,  164.  174. 
CoUcnchvma,  26. 
CoUodia,'69. 
Collodion.  745. 
Collodion  cantharidale,  695. 

flexile. 

salicylatum  cnmpositum,  69B. 

stj-pticum,  678, 

vesicans.  69;, 
Colloids.  62.  742  (see  Gums  and 

DentitlcfiUi). 
Colocynlh.  724  (Fig.  6.  p.  25), 

0,1  to  o-s 
Colombo,  712. 
Colophony,  744. 
Color  reactions  of  alkaloids.  1 54. 
Coloring,  113,  114 
Coma,      differential      diagnoss, 

203. 
Coma  diat)eticitm.  129. 
Commmuti<m.  46. 
Commiphora,  i3i.fl89. 
Commun  salt,  546. 
Complexity  of  s>'mptoms.  ijo. 

13'- 
Compound  bitters,  714. 
C,>.Mt„..,.w(  licorice  powder.  J»&. 
C  >  tableU,  SO. 

O  1  ■    52.  _ 

Condiments,  716,  717. 


ANALYTIC    INDEX   AND    DOSE   TABLE. 


857 


Condurango,  7 13. 

Confections,  75, 118, 125. 

Congenital  immunity,  139. 

Congius,  33. 

Connn,  Conium,  and  alkaloids, 
152.  153,  290  to  292;  materia 
medica,  305;  therapeutics, 
299;  P.  W.—F,  788,  790  to 
752;  M,  794,  803. 

Coniin    0.002  to  0.003 

Conium  0.06    to  0.3 

Conquinamin,  352. 

Constant- level  water-baths,  49, 
50  (Fig.  30). 

Constipation,  habitual.  ^32. 

Constitution  of  alkaloid.  152, 
153;  coal-tar  series,  364;  or- 
ganic acids,  583. 

Construction  of  prescription, 
108. 

Consumption  (see  Tuberculosis). 

Continental  method  for  emul- 
sions, 77. 

Continuous  dose,  143. 

Convalescence,  alcohol,  429; 
tonics,  758. 

Convallana  and  convallamarin 
(see  Digitalis  group,  481  to 
506),  481:  materia  medica, 
506:  P.  W.—F.  788. 

Convolvulin.  723. 

Convolvulus  scammonia,  724. 

Convulsant  series,  157  to  197; 
P.  W.—F,  787. 

Convulsants  on  temperature, 
161. 

Convulsions  (see  Tetanus) ,  cere- 
bral. 158,  159;  drugs  produc- 
ing. 195,  196;  early  rigor,  171; 
location.  156  to  160;  medul- 
lary, 158,  159;  secondary  re- 
sults, 161,  162;  spinal,  156; 
treatment,  coniin,  299 ;  cu- 
rare, 279. 

Copaiba,  686;  materia  medica, 
691   i.o  to  4.0 

Copper  ion  and  materia  medica, 
130.  169.  553.  630;  in  distilled 
water,  542;  local  actions,  670 
to  683  (see  Metals). 

Copperas.  624. 

Coptis,  714. 

Coriamyrtin,  191,  193;  P.  W.— 
F.  788. 

Coriandrum,  122,  717, 

Coriaria,  191. 

Cork.  23. 

Cormus  (botany),  17. 


Com  cockle,  524. 

Com  smut,  521. 

Com  starch  (Fig,  i.  p.  30),  117. 

Corns,  698. 

Com  us,  681. 

Comutin,  512,  ^13,  516,  519. 

Corolla,  definition.  18. 

Corrective,  106. 

Corrosive  sublimate,  637  (see 
Mercury) . 

Corrosives  (see  Caustics). 

Cortex,  definition,  17. 

Corydalin,  153. 

Cosm,  738. 

Coto,   681 o.io  to  0.60 

Cotoin,  681 0.06  to  0.12 

Cotton-root  bark,  521. 

Cotton-seed  oil,  743. 

Cotyledon.  i8. 

Cough,  627  to  530;  ammonium, 
557;  atropin,  261 ;  bromids, 
561;  codein,  heroin,  and  mor- 
phin  (198),  218;  hydrocyanic 
acid,  47^;  mixtures,  52^,  530; 
pilocarpin,  301;  sangiunaria, 
319. 
■  Coumarin,  121. 

Counterirritation,  physical,  698 
to  703;  therapeutics,  704  to 
706  (Figs.  83  and  84). 

Court  plaster,  745. 

Coussin,  738. 

Crab  Orchard  water,  596. 

Cranberries,   681;  in  poisoning, 

137- 

Cream  of  tartar,  550,  580,  581; 
materia  medica,  583. 

Creatin  and  creatinin,  176,  183, 
187.  .       . 

Creosol,  389:  constitution,  364. 

Creosotal,  389 0.3  to  i.o 

Creosotum,  379;  materia  medica 
388;  in  dentistr>',  689;  in 
tuberculosis,  383,  0.03  to  0.12 

Cresols,  constitution,  364;  ma- 
teria medica.  389. 

Creta  preparata.  570,  .  .0.5  to  4 

Cretinism,  thyroid  in,  316. 

Crile  (cocain),  238, 

Criminal  poisoning.  r6g. 

Crocus,  materia  medica.  113. 

Croton  chloral,  454.  .  .0.3  to  1.0 
eluteria,  713. 
oil,  719;  P.  W.—C,  765. 

Croup,  alkalies  in,  591;  emetics 
in.  327- 

Crude  drugs  and  active  prin- 
ciples, 136. 
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Cry  fram  stn'chnin.  i6i. 

Cryptopin.  201. 

CrysLallization,  55. 

Cubeba.  680,  6go.  Bill,  2.0  to  4.0 

Cubic  centimeter,  32. 

Cucurbila.  737. 

Culver's  root.  725. 

Cuininum,  i2z. 

Cumulative  action,  189. 

Cupping.  703. 

Cuprea.  352. 

Cupri  sulphas  (see  Copper).  155. 
630    0.008  to  0.03 

Curara 0.008  to  0.04 

Curare,  curarin.  and  group.  136. 
309,  274  to  270;  action.  273 
to  377-,  on  central  nervous 
system,  377;  on  circulation, 
2*76.  277  (rig.  52);  derivation, 
274:  on  ganglia.  376:  inactive 
by  stomach,  378;  materia 
mcdica.  305".  members.  274; 
on  muacle-ner\'e  endings.  375 
to  279 :  relation  to  other 
groups,  277;  therapeutic  uses 
and  toxicology.  278.  279;  P. 
II'— F.  789.T/.  799. 

Curarin   0.0025  *<*  0.01a 

Curcuma,  US. 

Currant.   1 16. 

Cusparia,  713 0.6  to    2.5 

Cu!U>n,    73^ 10.0  to  30.0 

Cutch.  680. 

Cuticle  of  plants.  25  (Fig.  6>. 

Cyan-met  hemoglobin,  471  (Fig. 

7i>. 
Cvanids  (sec  Hydrocyanic  acid, 

'468  to  4741- 
Cydonia.  11;,  "15. 
Cynoglossum,  714. 
Cvon  (hearth,  246,  249. 
Cystitis.  686. 
Cjtisus,  J05. 


Daily  dose.  14S. 

DandfUon,  713 

Datura  and  datuhn  (see  Atra~ 

pin) ,  250  ui  366. 
Dauc-uii.  materia  medica,  133. 
Deadly    nightshade    (sec   Belia- 

donna). 

Debility,  alcohol  in.  429:  tonics 

^in.  758- 

Decagram,  3a. 

Decigram.  32. 

Decimeter.  $3  (Pig.  13.  p,  3  i). 

IX'coctions.  56.  57.  "0. 


Dccoctum    a1oc«    compost 

733 15.0  to    30, < 

cetrarije.  1 16  .  .  .30.0  to    boo  ' 
granats  corticis.  737. 

15-0  to    6o.o_ 
sarsee  (sarsaparillfF),  576.        I 
30.0  to  lao.a' 
compositum,  536. 

30,0  to  IIO.O 
DccoloriEatinn.  82. 
Delirium  cordis.  245. 
Delirium  tremens,  434;  morphifl 

in,  3iQ. 
Delphiiiin  and    delphinium  (fc^l 
Acotiit*'  group).    152.    330   toJ 
357-     iS^'-    matena    mcdica«j 
337- 
Demulcents.  739  to  74S;  mat 
medica.    115   to   11;.  74ft 
74A ;  on  taste.  115  tu  1 1 7 :  P.  j 

"'-.  775- 
Deodorants,  3«a. 
Depilatories,  G63. 
Depression,  defmilion,   130. 
Depressor  nerve,  242. 
Dermatitis,    747     to    749;     brj 

drugs,  651. 
Dermatol.  612. 
Desiccation,  46,  48,  49. 
Desiccator,  49  (Fig.  39). 
Dessertspoon,  34. 
Destrut:tii>n  fif  ■".<-.  ."c    |J5^ 
Destructive  'i  54. 

Detannatcd  till  r'"' 

Detergents, saponins,  515;  ao^A, 

663. 
Dextrin.  22.  117. 
Dial)ctes    insipidus,    supramul 

in.  u  t. 
Diabetes  mcllitus,   219  to  221; 

diaphoretics,     304,     merraty- 

pancrcits.     318.     swcrteniflt-  I 

iiS:  vanadium.  630. 
Di.ilietic  coma,  578, 
Diachylon.  645,   74d;  prepira- 

tion.  83. 
Dialysiic.  02. 
Diaphoretics.  301  to  301;  cflu- 

mfrati<m    of    m»>asurcs.   jO) 

303;    indications,    3^3.    jc*- 

manner  of  action.   341,  jof! 

mnr[ihine  as.  axtt. 
Diarrhea,      alkalies      ni.     5«»> 

astnnj^'nts  in,   B7d,  S7C;  <*' 

thartics  in.   733.  morpbui  ai< 

3iS:  infantile.  750 
Diastase,  751. 
Diastolic  standstill  cd  bcatx.  24f 
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Dichopsis.  744. 

Diet,  on  perisialsU.  737. 

Diethylendiamin,  sqo. 

DiKL'Stiivn  <pharmacy).  66. 
(therapeutics).  7.^1  to  75.1. 

Digestive  ferments.  74ft  to  7oS; 
antiseptics  on.  3S6. 

Digitalcin  vcrum.  505, 

0,001  to  0.003 

Ehgitalinurn  vcrum,  505;  P.  W. 
— C.  769    0.00 1  to  o.ooj 

Digitaiiresin.  191,  483  to  485. 

Digitalis  and  its  j^mup,  r.'jo,  tj.') 
to  13s,  481  to  B06;  actions. 
485  to  4g6;  in  aneurysm  ["']. 
503;  in  aortic  insuHiciency. 
503 ;  on  blood-vessels,  493, 494 ; 
on  circulation,  entire,  490  to 
494;  con-stitution.  482  to  485; 
cumulative  action,  497,  504; 
differences  in  members,  496, 
497;  in  fatty  heart  [^],  503; 
in  fever.  503;  tirst  stage,  490 
t04()3;  on  heart  (fro^''s.  485  to 
488;  mammnHan,  4SS  to  490); 
infusion  and  tincture,  48.^, 
4S5.  4q6.  local  actions.  493: 
materia  medica.  505,  506;  on 
m(>dulta,  495,  496;  members, 
4S1,  4^2:  principles.  4S3,  484, 
496  to  49ft;  stages,  490  to  493; 
in  stenosis,  502;  therapeutic 
uses.  498  to  50^;  toxicology. 
497,  498;  on  unrc,  494.  495; 
on  vagus.  487 ;  in  v.ilvul.ir 
disease.  499  to  503.  /'.  11'  — 
C.  766:  /•'.  788.  791,  791:  iV, 
775'  79^'  ^°'  *o  803. 
igiuilis.  materia  medica,  505. 
o.t  to  0.2 

Dtgitoxin.  191.  fiOfi, 

0.0003  ^^  0.0006 

Dill,  TJ3,  717. 

Diraelhyloxyquinin,  364. 

Dionin .  197  (sec  Slorphin 
group). 

Dioxymtthylxanthin.  176. 

Diphihena  and  diphthcna  toxin. 
disappcarantx-  fr^m  blt>t_id. 
138,  paralysis,  strychnin  in. 

Diphthcna  antitoxin.  397,  400. 

Diphtheritic  membrane,  alka- 
lies. 5()i ;  lactic  acid.  586;  pro- 
teolytic ferments,  750. 

Dipsacus,  714. 

Diptcrtx,  121. 

Direct  effects  of  drugs,  132. 


Directions  to  dispenser  and 
patient,  105,  no. 

Disappearance  of  poisons  from 
blofid,  138. 

Discoven.*  of  alkaloids.  lo2. 

Disinfectant.  375. 

Disinfcciinn.  374  to  387;  in  com- 
mon uisc,  376:  factorsdctenmn- 
ing  usefulness.  374 ,  manner  of 
action,  374,  376;  power  (Table 
XIV).  .?77.  \7^i  practical 
hints,  378;  specul  uses,  379  to 

^3«7- 

Dissociation,  S36.  537. 

Distillation.  oS  to  &4;  destruc- 
tive and  fractional.  54. 

Distilled  water  (sec  Water). 

Dithvmol,  383. 

Diuresis,  SO"  to  512;  blood- 
composition  on.  <;og.  510. 
caffein.  182,  circtifation  on, 
508,  !;o9:  measures  for.  50S  to 
511;  indications  for,  511.  512; 
by  irritanu,  510,  j  1 1 ;  by 
salts,  etc..  539.  540.  546; 
theory  of  urine  secretion.  507; 
turpentine  group.  69 1 ,  69? ;  f*. 
IV.— .1/.  80  r. 

Diurctin,  materia  medica.  190 
{sec  Ctiffi'in  group) 3.0 

Dobry  wiitkv.  435- 

Dogwood.  Florida.  681. 
Jamaica.  225,  227. 

Domcstic  measures,  34. 

Donovan's  solution.  610. 

Dorema.  I2t. 

Doses,  calculation  of.  787;  for 
frogs.  788;  for  mamnials.  795: 
relative.  with  different 
methods  of  administration. 
137;  iif  pharmacopi tnal  prepa- 
rations. 84. 

Dover's  ijowdcr  (sec  Pv.  opii  el 

ipcctK.).  materia  medica.  222. 

0.3  to  i.o 

Dover's  syrup,  materia  medica. 
aaa     4.0  to  8.0 

Drachm.  33. 

Drastics,  776. 

Drop,  size  of.  34. 

Drop-chalk.  570. 

Dropsy,  511;  caffein,  184;  ca- 
thartics. 734;  pilocarpin.  300; 
salts,  S4';- 

Dr\-iTig.  46. 

Dr>-obalanops.  468. 

Dn,*opieris.  737. 

Duboia  viper,  411. 
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Duboisia    (see    A  tropin    group, 

350  to  366).  251,  aJw. 

Dulcinum.  US. 

Ductal,  389 0.3  to  a.o 

Dusting-pciwdors,  744;  antisep- 
tic. 77,  7g.  3K1. 

Dyes.  113.  114. 

D>-ing  tissue.  180. 

Dysentery*  (s«?e  Diarrhea),  am- 
monium chlorid,  S57;  ipecac. 
324;  sodium  bicarbonate  t-ne- 
ma.  5()i. 

Dyspepsia.  721  to  7&S;  acids. 
581;  alcohol.  439,  430',  alka- 
fie*.  5S9;  caffein  (ner\-nus). 
184;  camphor.  467:  climate. 
598;  cocam  (pain).  138;  eme- 
tics. 327;  ipecac.  324;  salts, 
545- 


Easton's  syrup,  615. 

Ebonite,  744 

Ecballium.  735. 

Ecbolics,  531,  5 2 J. 

Eccoiiin,  238 

EcUimpsia  (see  Cremia) .  ni- 
trites in,  480. 

Eclectic  rcsinuids.  75. 

Eel's  serum.  40^. 

Effervescent  salts.  78. 

Effusions  (see  Ascites),  abeorp- 
tion  of,   by  salt  action.    540, 

541- 

Egjjsasfood.  755- 

Eeg-white  as  antidote,  154. 

Enrlich's  side-chain  theory,  398. 

Eigon.  382. 

Elastica.  744. 

Elaterinuni,    724 ;    P.    W'.-^M* 

794 0.003  *<*  0-005 

Elaterium.  724. 
Elder  (lowers.  120. 
Elder  pith  (Fig.  5),  24. 


Electncity.  ;oi. 
dif 
.5.17 


Electrolytic    dissociation,    536, 


Electuaries.  Ts,  118. 
Elcosacchara,  78. 
Eiettarin.  123. 
Elixir  adjuvans.  114. 

anisi,  124. 

arnmaticum.  184,437. 

bismuthi,  G13. 

cafTca!,  190. 

cascanv  sagradie.  723. 

cinchona^.  terti,  el  strychainx, 
176. 


Elixir  cinchon^c.  with  other  in- 
gredients. 353- 

cocic.  340. 

corrigcns.  241. 

erindictyon  arwnaiicum.  141. 

erj'thraxylnn.  340 
ct  ^jarana;,  740. 

eucalypti,  690. 

euonymi.  506. 

fern  phosphatis,  62$. 

qumimp       et       stT>'ChlUIUB 
phosphatum.  625. 

gentiana?.  124,  7IS. 

glycyrrhiza'.  119.  124. 

Iithii  c:tratis,  569. 

pcpsini,  750 

phosphori.  649. 

el  nucts  \'omicat.  649. 

picvs  compositum,  530, 

potassii  brumidi,  jbi, 
acetatis,  ^68. 

quinina?,   with    otlier    iiipe- 
dit-nts,  353.  353. 

rhamni  purshian.'c,  73». 

rubi  compositum,  6S1. 

taraxaci  compositum,  713. 
Elixirs.  7&,  437. 
(The  dose  of  elixirs  is  4  to  ft  cc^ 
Elm.  1 16,  746. 
Elutriatton.  4H. 
Emcsis  (see  Wnnitinig  and  /<«*• 

cjHeiifi). 
Emetics.   133,  XSa  to  UA;  con- 
train  dications.       3jSi       cBO- 

mcration.  326;  measures.  j»J 

to  330;  pbvsiolojfy  of  vomil- 

inE>   S'S'   ^"   poisonme.   lU: 

uses.    336:   P.    W.—Si,    794, 

795 
Emetin.  t2S  to  SfiS. 
Emmenago^es.  531.  53 j. 
Emodin.  730. 
Emollients.  739  to  742:  matcna 

medica.  742  to  745. 
Emphysema,  oxygen  in.  463. 
Empiric  thtrapcuttc«,  148. 
Eniplastra,  83,  74«. 
Emplastrum     amnidniaci    <ittB 
hydrargyro.  745. 

amfcc.  745. 

bclladonnfe.  264.  s6$,  *4&. 

calefacims,  695,  74fi. 

canthand>«,  6q^.  746. 

capsJci.  696,  "w. 

fern.  74 s. 

hydrargyri,  637,  74&. 

ichythyocolhe,  745. 

mt-hthol,  46S,  745. 
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Emplastrum  opii,  222,  746. 
picis  burgundicae,  745. 
cantharidatutn,  745. 
plumbi.  645,  745. 

iodidi,  745. 
resinae,  745. 
saponis,  74^. 

Empyreumatic  products  of  cof- 
fee, 185. 

Emulsifiers  and  emiilsions,  76, 
77. 

Emulsin,  468. 

Emulsum  amygdalje,  745. 

asafoetidae,    685  .  .    2.0  to    4.0 
chloroformi,   450.   4.01015.0 
olei  morrhua;,  758.  15.01030.0 
terebinthinse,  689. 

Encephalopathia  satumina,  644. 

Enemata,  142,  728,  729;  as 
cathartics,  728;  nutrient,  757. 

English  methods  for  emulsions, 
77. 

Enzymes,  740  (see  Ferments). 

Epidermis  of  plants,  25  (Fig. 
6). 

Epilepsy,  560;  from  absinthe, 
421;  bromids  in,  ^60;  diagfno- 
sis  from  strychnm,  171;  hy- 
drastis  in,  226;  nitrites  in, 
480 ;  physostigmin  in,  299 ; 
picrotoxm  in,  193;  potassium 
in.  558;  silver  m,  628;  from 
tobacco  [?],  288;  zinc  in,  630. 

Epinephrin,  310  (see  Supra- 
rcnais,  308  to  311). 

Epirenals  (see  Suprarenals,  308 
to  311). 

Epispastics,  652. 

Epsom  salt,  550. 

Epsom  water,  596. 

Equimolecular  (definition),  534. 

Equivalents  of  metric  and  com- 
mon systems,  3o. 

Erethismus  mercurialis,  633. 

Ergochrysin,  513. 

Ergot,  134,  512  to  621;  abortion 
by.  519;  acute  poisoning,  519; 
chronic  poisoning,  517  to  519; 
combined  principles,  action 
of.  516  to  519;  composition, 
512  to  514;  comutin  action, 
516;  materia  medica,  521; 
sphacelotoxin  action,  514  to 
516;  therapeutic  uses,  519, 
520;  P.  W.—F,  788. 

Ergota,  520 2.0  to  4.0 

Ergotin,    521 0.2  to  0.6 


Ergotinic  acid,  512,  513;  action, 

Ergotinin,  513. 

Enodictyon,  241, 

Errhines,  684. 

Erythema,  drugs  causing,  302. 

Erythrophlein,  506,0.03  to  0.06 

Erythrophleum  (see  Digitalis 
group,  481  to  506),  481,  497; 
materia  medica,  506. 

Erythroretin,  731. 

Erj'throxylon  (see  Cocain,  228 
to  241),  materia  medica,  340. 

Eschar,  63. 

Eserin  and  eseridin  (see  Physo- 
stigmin,  298  to  296),  materia 
medica,  '^06. 

Essential  oils  (see  Volatile  oils), 
28;  as  flavors,  119,  130;  keep- 
ing of,  123,  1 24;  materia 
medica,  123;  preparation.  123, 
124. 

Ether  (sulphuric)  (see  Chloro- 
form and  ether  group,  437  to 
450),  239,  415,  417,  433; 
comparative  value,  444;  irri- 
tant effects,  443;  as  solvent, 
63;  testing  for,  103. 

Ethereal  oil,  450. 

Ethereal  sulphates,  386. 

Ethereal  tinctures,  73. 

Ethers  in  alcoholic  liquors,  433. 

Ethyl  bromid,  445. 

Ethyl  chlorid  for  freezing,  239. 

Ethyl  nitrite  (see  Nitrite  group, 
474  to  481),  480. 

Eucain,  actions,  334,  338:  ma- 
teria medica,  241;  P.W. — F, 

793- 
Eucalypti  gummi,  681. 
Eucalyptol  and  eucalyptus,  688, 

690;  in  tuberculosis,  382. 
Eudoxin,  382. 
Eugenia,  123. 

Euonymin,  504 0.03  to  0.3 

Euonymus,    17,   481,    504    (see 

Digitalis  group,  481  to  506). 
Eupatorium.  714. 
Euphorbia,  694. 
Evacuants  (see  Cathartics). 
Evacuation  of  stomach,  156. 
Evaporation,  49  to  62:  at  low 

temperature,  51;  surface,  51; 

in  vacuo,  50  (Fig.  32). 
Exalgin   (see  Antipyretic  group, 

355  to  365),  constitution,  365; 

materia  medica,  364,0.3  to  x 
Examples  in  metrology,  36. 
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Exanthemata,     dntgs    causing, 

Extractum  chirat«  fluidum.  7 13. 

^^^^^1 

203 :    from    serum   injections, 

3.0      to    4.0     ^^ 

cimidfugs,  713.                            ^M 

0.06    to    0.3     ^1 

^^^^^1 

399- 

^^^^^H 

Excipients.  79. 

^^^^^H 

Exciiability     of     muscle     and 

fluidum.  713,  3.0      to    4-0 

^^^^^1 

nerve,  /*.  W. — F.  7(>o. 

cinchona:,  353    0.3      to    3.0 

^^^^^H 

Excretn.  disinfection  of.  379. 

fluidum.  353, 

^^^^^p 

Excretion  of  poisons.  135. 

0.5       to    4-0 

^^^^^^ 

Exorcise,  699. 

coca^  fluidum,  34a, 

^^V 

Exhaustion  of  drugs,  tests  for. 

4.0      to  15,0 

^^^p  * 

oH. 

colchici  radicis,  341, 

^^H 

Expectant  treattnt-nt,  US. 

o.aj    to    a.E 

^^^^^ 

Expectorants,  32h,  aiii. 

flwdum.  34 1, 

^^^^K 

Experiuu-ntal  therapeutics.  127, 

0  t      to    0.5 

^^^^^H 

Expression  (phannacy).  aS,  00. 

seminis  fluidum,  341, 

^^^^^H 

Extractive    matter,    dctinilion. 

0.05    to    0.3 

^^^^H 

J2;  on  abwirption.  i\6.  137 

colocynttaidis.  7*4, 

^^^^^B 

Extracts,  lluid  and  scihd,  70.  71, 

0.03    to    0.1 

^^^^H 

73  to  7i;  acetic.  75;  green.  74; 
powdcrt'd,  71,  74;  schema,  6j. 

compositiun.   734, 

^^^^^^1 

0,3          to      I.O 

^^^^B 

Extractum'  aconiti.  3.16. 

condurango  fluidiun,  713, 

^^^^^^L^ 

0.006  to  0.15 

1.0      to    t.5 

^^^^^^H 

fluidum.  337.0.03     to    O.I3 

^^^^^^H 

aloes.  7ii 0.03    to    o.a 

fluidum.  305. 0.06    to    0.3 

^^^^^H 

apocyni  fluidum,  505, 

convallaria:  fluidum,  506.           ^M 

^^^^^^^1 

0.3      to    1.0 

0,3         to     I.O       ^M 

^^^^^^H 

aitnuaticum  fluidum,  716. 

florum  fluidum.  506,              ^M 

^^^^^^^1 

0.6         to      3.Q 

to    10     ^M 

^^^^^H 

asparagus  fluidum.  511. 

cubcbiE  fluidum,  &91.                  ^M 

^^^^^^^H 

t.o      to    4.0 

to    4.0     ^M 

^^^^^H 

belladonnae  alcoholicum.  165. 

cUEso  fluidiun.  738,                    ^H 

^^^^^^^1 

0  015  to    0,06 

40       to  TS-O      ^1 

^^^^^^H 

fulioruni  alcoholicum,  264, 

digritalis,  505      0015                   ^H 

^^^^^^H 

0.008  to     O.OJ 

lluidum,  505  . 0,06    to    0  15    ^M 

^^^^^^H 

liquidum,  265, 

ergota?,  531   . .  .0.3      to    0.6     ^M 
fluidum,  531 .3.0      to    40     ^H 

^^^^^^^1 

0.03    to    0.06 

^^^^^H 

radicis  fluidum,  364. 

criodictyon  fluidum,  341.           ^| 

^^^^^^^1 

0.06    to    0.3 

0.6       to     1.0      ^M 

^^^^^H 

viride.  365  .  .0.015  '^    ^-^^ 

erythroxylon  fluidum.  34»,      ^M 

^^^^^^^1 

buchu  fliiidum,  693. 

4.0     to  15.0  ^M 

^^^^^H 

I.O        to      3.0 

cuca1>'ptis  fluidum,  690.            ^M 

^^^^^^H 

calami  fluidum,  714, 

to    t-O      ^H 

^^^^^^^1 

1.0      to    4.0 

euonymi.  506    .0.1       to    oj      ^H 

^^^^^H 

columbse  fltiidum,  713, 

filicis  fluidum,  737.                      ^M 

^^^^^^^1 

0.3      R)    z.o 

to   40    ^M 

^^^^^H 

cannabis  indict,  937, 

frangulir  fluidum.  733,              ^M 

^^^^^^^1 

0.015  ^°    ^-^3 

3.0      to    8.e      ^M 

^^^^^H 

fluidum,  337, 

gelsemti  fluidum.  30^,                ^M 

^^^^^^H 

0.06    to    0.6 

0.3    'to    ctf     ^M 

^^^^^P^ 

capsici  fluidum,  696, 

gentiana;,  713,  0.1      to    05     ^H 

^^^^^H 

005    to    0.5 

Huidum.  TI3. 0.3      to    3-0      ^H 
geranii  fluiaum,  681,                   ^| 

^^^^^B 

camis,  190. 

^^^^^B 

cascarfc  sagrad^  fluidum,  733, 

to    40      ^H 

^^^^^M 

I.O       to    4.0 

glycyrrhiKW,  119.                        ^" 

^^^^H 

chimaphitxc  fluidum,  387. 

1.0      to    4* 

^^^H 

3.0      to    S.o 

fluidtim,  119.  3.0      to  150      ^1 

I 

iPhiidum  (U.S.P.) 

=  liquidum  (B.P,).                    ^^H 
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Extractum  gossypii  radicis  fluid- 

um.  521   ....  2.0      to  4.0 
ghndcliae  fluidum.  690, 

I .  o      to  4.0 
guaranae  fluidtun,  189, 

2.0      to  8.0 
haematoxyli,  680, 

o.,i      to  i.o 
hamamelidis  fluidum,  680, 

a.o      to  8.0 
Hydrastis  fltiidum.  228. 

2.0      to  8.0 
hyoscyami,  365, 

0.03    to  0.1 

fluidum,  265,  0.3      to  1.0 

viride.   265  .  .0.1       to  0.5 
ipecacuanhie  fluidum.  324, 

0.05    to  0.3 

iridis,  725 0.06    to  0.2 

fluidum,  725,  0.6      to  2.0 

i'alapas,  723.  ..  .0.12    to  0.5 
:olas  fluidum,  189, 

2.0      to  8.0 

krameriae,  680,0.3      to  0.6 

fluidum.  680,  0.3      to  2.0 
lobeliae  fluidum.  305, 

0.05    to  0.5 

leptandrffi,  725,0.06    to  0.2 

fluidum,  725,  1,0      to  4.0 
lupulini  fluidum,  227, 

2.0      to  8.0 

malti.  751 4.0      to  30.0 

matico  fluidum,  691, 

2.0      to  8.0 
nucis  vomicae,   175, 

o.oi     to  0.06 

fluidum,  175.0.05    to  0.25 

opii,  222 0,008  to  0.06 

liquidum,  322, 

0.6      to  2.0 
physostigmatis,  306, 

0.006  to  0.03 
pilocarpi  fluidum.  305. 

0.3      to  2.0 
podophylli,  724. 

0.1       to  0.6 

fluidum,  724,0.3      to  T.3 
prunus  \'irginianiE  fluidum,  473 

2.0      to  4.0 

quassiae    0.03    to  0.2 

fluidum   ....  1.0      to  4.0 
rhamni    purshianae    fluidum, 

722 1.0      to  4.0 

rhei,  721 0.2      to  i.o 

fluidum.  721 . 1.0      to  4.0 
rhois  glabra  fluidum,  681, 

1.0      to  4.0 


Extractum  rubi  fluidum,  681, 

3.0      to    8.0 
rumicis  fluidum,  681, 

1.0      to    4.0 
sabinae  fluidum,  693, 

0.3      to    1.0 
sanguinariie  fluidum,  223, 

0.06    to    0.3 
sarsfe  liquidum,  526, 

4.0      to  15.0 
sarsaparillje  fluidum.  526. 

2.0      to    4.0 
compositum  fluidum,  526, 

2.0      to    4.0 
scillae  fluidum,  506, 

0,06    to    0.3 
scoparii  fluidum,  305.  511, 

1.0      to    4.0 
senegae  fluidum,  526, 

0.5       to    1.0 
sennae    fluidum    compositum, 
720  .  .  .  .4.0      to  10. o 
deodoratum,  720, 

4.0      to  10. o 
serpentariae  fluidum.  713, 

0.6      to    2.0 
spigeliae  fluidum,  739, 

2.0      to    8.0 
stramonii  seminis,  265 

0.015  t°    °-°3 
fluidum,  265, 

0.06    to    0.2 
strophanthi  fluidum,  505, 

0.015  to    0.06 
suprarenale,  311. 
taraxaci.   713.. o.i       to    0.5 
fluidum,  713,  4.0      to  15.0 
these  fluidum,  189, 

4.0      to    8.0 
uvae  ursi  fluidum,  387, 

1.0      to    4.0 
Valerianae  fluidum,  685, 

0.6      to    3.0 
veratri  viridis,  340, 

0.05    to    0.3 
xanthoxyli  fluidum,  692, 

0.5      to    3.0 
zingiberis  fluidum,  716, 

0.3      to     r.o 
Eye,    caustics    in    (treatment) , 
661:  drugs  on.  254  (Fig.  59); 
P.  W.—F,  789  to  791,  792; 
M,  794.795- 


Fahrenheit  scale,  34. 

Fat,  19  i'&ee  Obesity  and  Oils). 

Fate  of  poisons  in  body,  136. 
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Fatiif^c.  cocain  in.   230;  coflTee 

and  tea  in.  185.  1S6. 
Fatsasfuod.  755,  756 

mineral.  744. 
Fatly  dcgimtratian.  from  alco- 
hol. 431.  from  othrr  poisons. 
647,  687,  oxygen  in.  463. 
Fatty  nils.  740  tu  745. 
Fcl  bovis(purifieatuml.  731,0.2 
Femoral    vessels,    isolatioa      ' 

78s. 
Fcnnd,  122,  ftSS. 
Fenugreek,  133. 
Fermentation,     alcoholic,    434 1 

gastric.  7  to. 
Fermented  liquors,  436. 
Fermi-nls,  diKcsli\'C,  74tt  to  7&S; 
antiseptics  on,  386;   calcium 
on,  569;  on  poisons.  135;  on 
toxins.  397;  /•'.  ir. — C.  773. 

Ferratin,  625 t.o 

Fcrratogcn.  626. 
Ferri  arwnas.  610.  0,001  to  0.06 
carbonas  soccharatus,  623, 

o.  ta    to  0.6 
chloridum,  623. 
citras.   624. .  .  .  0.06    to  0.3 
et  ammonii  citras,  674, 

o.o()    to  0.3 
sulphas,  634. 

o.t2    to  0.6 
tartras,  624, 

0.3      to  1.0 
potassii  tartras.  6)4, 

0.3      to  i.o 
quinina'  citras.  634, 

0.1  J    to  0.6 
solubilis,  624, 

0.1 3    to  0.6 
strychnina;  citras,  176, 

0.06    to  o.a 
hyjioiihosphia.  634.  60O, 

0-3      to  1.0 
iodidum  sacchamtum,  634 

0.3       to  1.0 

lactus.  624 0.06    to  0.3 

oxidum  hydratum.  634. 
oxiduin  liydratum  cum  mag' 

nesia.  6^3 15,0 

phosiihas.   634.  .0.3       to  0.6 

solubilis,   634.0.06    to  0.3 

pyrophosphas  solubilis.  634. 

0.06    to  0.3 

sulphas.  634. .  .  .0.03 

exsiccatus,  624. 

0.03 
valerianas.  685.  0.6 
Ferric  alum.  634. 


to  0.3 

to  0.3 
to  1.0 


Ferncyanids  and  ferrocyanids. 
469.  Sol). 

Ferrum  albuminatum.  6*4,    >.o 

peptonisatum.  624 i.o 

casetnatuin.  634     .      to 

dialysatum.  635  ..0.6  to  3.0 
rcductum,  633  ...0.06  to  0.3 
Lartratuin,634,  . .  .0.3     to  t.O 

Ferula,  isi.Rt^. 

Fevers,  causation  of.  391  ttt  SttS; 
agents  causing.  304;  hyper- 
pyrexia, 301;  by  normal  salt, 
409;  phenomena  in  common, 

Fevers,  treatment  of,  SttO  to  S6S 

(especially  antipyretics  and 
baths^ :  acids,  606;  acrmitc, 
3j|6;  alcohol,  43R.  430:  cathar- 
tics.  734:  digitalis.  503:  mor- 
phin.  219;  s|X)nging  and  an>> 
matics,  690;  qutnin.  350. 

Fcverwrirt,  333. 

Fibrin  ferment.  533. 

Fibrous  tissue  probfcrntton, 
iodidsin,  564. 

Fibrovascular  bundles,  S6,  2" 
(Pigs,  q  and  10). 

Filehne  (strychnin),  160. 

Filix  ma.s.  737. 

Filter-foldmg.61  (Fig.  61,  p.  60). 

Filler-pump.  SI  (Fig,  33). 

Filtration.  60  tn  Bl. 

Fineness  of  pi:iwders,  47. 

Ft<<h,  pois<.>n(ius.  413 

Fisli-berrics.  192. 

Fixwl  oils.  14  1. 

Flavoring.  110  to  126;  ackis  ts, 
579,  580:  condensed  rules,  iii. 
113:    generalities,     1 11,    uses 

of,   tI3. 
Flaxseed,  ti6,  ?4J(. 
Flaxseed  poultice.  83. 
Fleabane.  686. 
Flos  (rtower).  18. 
Flowers  of  sulphur,  664. 
Fluidouncc.  33. 
Fluidrachm,  33. 
Flmirid  ion.  ^73. 
Fly  blister.  rfSj. 
Folding  of  filters,  61  (Fig.  42. 1 

60). 
Folia.  18. 
Food,  on  poi5fming."i36,  137. 

predigested.  754, 
Food  ppeser\-atives.  179. 
Foot-baths,  701.  702.  _ 

Formaldehyd.  379, 415;  /^-  W-*" 

C.  77«- 
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Formic  acid  (see  Acidum  F.),  P. 

\V.—C,  770. 
Fowler's  solution,  6ro- 
Foxglove,     505     (see     Digitalis 

group,  481  to  506). 
Fractional  distillation,  54, 
Fractures,  thyroid  in,  316. 
Frangula,  714. 
Franfcincense,  121. 
Frasera.  714. 
Fraxinus.  118,  728. 
Freezing  as  anesthetic,  239. 
Friction  as  counterirritant,  699. 
Friedrichshall  water,  596. 
Fright,  death  from,  442. 
Frogs,     experiments    on,     787; 

operations,  779  to  782. 
Frog's  heart,  drugs  on,  P.  W.— 

F,  792- 
Fructus  (fruit),  definition,  18. 
Fruits  as  flavors,    116,    120;  as 

cathartics,  548,  788. 
Fuligo.  114. 

Functional  habituation,  138. 
Furfurol,  422. 
Furunculosis,  yeast  in,  318. 
Fusel  oil,  421,  422. 

Gadus,  758. 

Galanga,  717. 

Galbanum,  121. 

Galenicals,  30. 

Gall-stones,    emetics    in,     328; 

pilocarpin  in,  301. 
Galla,  680. 
Gallic  acid,  21. 
Gallon,  33. 

Gallotannic  acid,  678. 
Gamboge.  735. 
Ganja,  226. 
Garcinia,  725, 

Gargles  (antiseptic),  384,  688. 
Garlic,  693. 
Gases,    asphyxiant    and    other 

toxic,  130,  457  to  461. 
Gasoline,  effects  of,  433,  445. 
Gastric    catarrh.    751    to    753 ; 

strychnin  in,  166,  173. 
Gastric   juice  on   poisons,    135, 

137. 
Gastric  motor  deficiency,  753. 
Gastritis  (see  Gastric  catarrh). 
Gastro-enteritis,  phenomena  of, 

657- 
Gaultheria,  materia  medica,  123, 
890. 


Gelatina  to  raise  coagulability 
of  blood,  ^23;  as  demulcent, 
746;  as  food,  755;  materia 
medica,  117,  746. 

Gelsemin,  157,  292. 

(Jelseminin  and  Gielsemium,  292 ; 
materia  medica,  305;  thera- 
peutics, 299;  P.  W. — F,  788, 
792. 

(jelsemium    0.3  to  0.6 

General  action.  132. 

General  resistance  on  poisoning, 
138. 

Gentian-violet,  114. 

Gentiana,  712. 

Geranium,  681. 

Gettysburg  water,  596. 

Geum,  714. 

Gigartina,  1 16. 

Gila,  412. 

Gin,  421,  435,  437- 

Ginger,  123.  716. 

Ginseng,  122,  714. 

Glands,  atropin  on,  252  to  354; 
pilocarpin  on,  271. 

Glandula  suprarenale  sicca,  311, 

0.3 

Glandular  system  of  plants,  28. 

Glass- tubing,  777. 

Glassware,  disinfection  of,  880, 

Glauber's  salt,  550. 

Glaucoma,  physostigmin  in,  300. 

Glonoin  (see  Nitrite  group,  474 
to  481),  materia  medica,  481. 

Glucose,  21;  materia  medica, 
119. 

Glucosids,  32 ;  P.  W. — C,  764  to 
766. 

Glusidum,  118. 

Glycerin  suppositories.  8 1 ,  729. 

Glycerinum  as  cathartic,  729:  as 
emollient.  740;  materia  med- 
ica, 118,  743;  as  solvent,  63. 

Glycerita  and  Glvcerina,  69. 

Glyceritum'  acidi  borici,  575. 
carbolici,  388. 
tannici,  678. 
aluminis,  627. 
amyli,  744. 
boracis,  575. 

hydrastis,  228 2.0  to  8.0 

tragacanthae,  746. 
\ateUi,  744. 

Glycosuria,  162,  818 ;  symp- 
tomatic treatment,  219  to 
222;  from  morphin,  208. 


*  Glyceritum  =  Glycerinum,  B.P. 
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Glvtiumnic  acid,  324. 
Gl^cyrrhiza.  538:  materia  mcd- 

ica.  ity;  P."  ir. — i\f.  775. 
Glycyrrhizinum     atnnwmiatum, 

materia  nKMlica.t  19,0.3  to  0.6 
Goa  tHiwder.  «i»8. 
Goiter,  iudin  in.  564,  thyroid  in. 

,116. 
GuM   chlnrid   as   alkaloidal    re- 

affcnt.  154. 
Gnid  ion,  6j?9. 
Golden  si*al,  736. 
Gossypii  radicis  cortex.  531. 
Gossypium,  74.1 
Goulard's  extract,  64J. 
Gout.  iHj,  fi9l ;  alkalies  in,  sqi  : 

colchicum  in.  .14 1 ;  lithium  and 

potassium  in.  554.  thyroid  in. 

Gram,  31. 

Gram,  31, 

Gram-molectJe,  533. 

Grammalic  construction  of  pre- 
scriptions. 108. 

Granatum.  737     2.0  to  6.0 

Granular  effervescent  sails,  JS. 

Granules  (pharmacy),  79. 

Grap€  juice,  43ft. 

Gratiofa.  714. 

Gray  powder,  636. 
salve.  636. 

Green  soap,  593. 
vitriol.  624. 

Grecary's  powder.  711. 

Grimth's  mixture.  625. 

Grindcha.  690. 

Griping.  718, 

Guaiact     lignum     and     rcsina, 

GuaiacoH  carbonas.  389,  0.3  to  a 

Guaiacolum  (see  Carbolic  gnmp, 
365  to  391) :  constitution.  364; 
materia  mcdica.  389. 

O.I3  to  0.6 

Guanidin.  791. 

Ouanin.  176. 

Guorana  {sec  Caffein  group.  176 
to  190).  materia  medica,  189. 

Gum  Arabic.  116.  746. 
^aiac.  693. 

Gum-rcsins,  12:  emulsions.  78. 

Gums  (see  also  Cothiih  and  Dt- 
iHulcents) .  Ji.  7S()  to  742 ; 
formation.  33:  materia  med- 
ica.   746:   in   potsnning.    136, 

M7- 
Gutta-pcrcha,  744. 
Gymnema,  115.  341. 


Hahitc'al  consttpati<m,  733. 

Habituation.   138.  139. 

Hirmatoxylon.  680. 

H.Tmo-,  see  Ifrtno-. 

HafTkinc.      prophylactic      and 
virus.  400,  401. 

HuKcnia.  73S. 

Hahnemann  (homeopathy),  145.] 
146. 

Hair-dyes,  lead  in.  639 

Hairs  of  plantA.  S&  (Fig.  7). 

Hall's  solution,  176. 

Haloid  elements,   local  actsoos, 
667.    66S;    materia    ntedtca. , 
668. 

Hamamelis.  68d. 

H:tn(lK.  disinfection  of.  3S0. 

Hnrd  iiri'tolatum.  744. 

Harrogate  vrater,  597. 

Hartshorn.  557. 

Hashish,  3»b. 

Hay-fever,  climate  in,  598;  co- j 
cain  in,  336. 

Haxcl,  68 1. 

Head  (referred  pain).  706. 

Headache,  antipyretics  in.  36.U  | 
cafTcin  in,  184;  quinin  in.  159 
(sec  also  Ammonui.  Campkof. 
Afenlhol.  etc  ), 

Heart  action  ancl  drugs  on.  S4I 
to  fiSO;  analysis.   804;  af>rs, 
24 1 ;  automatic  property,  in: ' 
delirium  cordis.  345.  drflercnt  | 
drugs.    J46,   elastic  property. 
245;     electrical     stimulation, 
449;  extrinsic  nerves.   341  W  , 
843 ;     fil>rillar\'     contractions,! 
245:  innm'atton.  241  to  *4.t; 
intrinsic    nerves,     341,    24]:  j 
ions  f>n,  553,  iscilat^d  Jwart, , 
246     to     250;     local     motv-r  , 
mechanism,   344;  methods  ti 
invcstifr'**^'^'"-  ^4**  to  ^50  (F»g- 
48),     peristalsis,     345;     phe- ' 
nomena,    343    to    246;    r>tf. 
243.  344;  rhythmic  brat.  i«j; 
standstill.    130.    245;    stitmi- 
lants,     165;  ~  strength,    nj. 
Innc.  24*;.  work.  244;/*  **' ""  1 
F.  7R0.  792;  .1/.  798  to  800. 

Heart  disease,  caffein  m.  ilU> 
digitalis  in,  500  lo  $dj. 
emetics  in.  328;  spartetn  in, 
290,  strychnfn  in.  1O5 

Heart,  fatty  flej^cn^Tatioti.  fiMt> 

Heart,  valvular  lesions,  eflect* 
of,  499,  5D0;  digitalis  on.  $m 
to  503. 
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Heat  (see  also  Hyperpyrexia), 
as  counterirritant,  700,  701; 
as  diaphoretic,  302;  in  poison- 
ing, 141,  156;  for  separation 
of  constituents,  48. 

Heat  piincture,  394. 

Heating  on  frogs,  39 1 . 

Hectogram,  3a. 

Hedeoma,  69a, 

Hedon  (heart),  349,  230. 

Hedonal,  463;  materia  medica, 

455 to  2.0 

Helleborcin  and  helleborus  (see 
Digitalis  group,  481  to  506), 
481;  materia  medica,  506;  P. 
W.—F,  788. 

Helleborein   0.0 1 

Helleborus 0.3  to  1.3 

Helvella  acid,  413. 

Hematin,  631,  626. 

Hematogen,  626. 

Hemicrania,  nitrites  in,  480. 

Hemidesmi  radix,  526. 

Hemlock,  191,  290  to  392. 

Hemogallol,  372. 

Hemoglobin,  spectra,  470  (Fig. 
71) ;  carbonic  oxid,  459 ;  thera- 
peutic use,  621,  626;  P.  W., 

774- 
Hemol,  626. 
Hemophilia,  523;  calcium,  570; 

coagulants,  523;  nuclein,  317; 

oxygen,  523. 
Hemorrhage    (see  Hemostatics), 

post-partum,  520,  523. 
Hemorrhoid,    astringents,    675; 

sulphur,  664. 
Hemostatics,    local,    677,    678; 

antipyretics,  358;  cocain,  238; 

suprarenal,  311. 
Hemostatics,      systemic,      522, 

523;  alcohol,  427,  428;  ergot, 

520    to   523;    hydrastis,    226; 

morphin,  219;  nitrites,  479. 
Hemp,  236. 
Hemp  seed.  746. 
Henncjuez  (heart),  249. 
Hepatica,   144. 
Herapathite.  P.  W.—C,  769. 
Herba,  18. 
Hering  (heart).  249. 
Hernia,  emetics  in  [?],  328. 
Heroin  (see  M or phtn  group,  197) 

on    respiratory    center,    201; 

materia  medica,  223, 

0.005  ^o  °°^ 
Herpes,  cocain  in,  236. 
Heteroxanthin,  176,  183. 


Hetol  in  tuberculosis,  383. 

Heuchera,  681. 

Hevea,  744. 

Hickory,  681. 

Hirudo,  705. 

Histology,  relation  to  pharma- 
cology, 128. 

Histon,  410. 

History  of  therapeutics,  143  to 
146. 

Hive  syrup,  529,  612. 

Holocain,  239  to  241;  P.  W. — 

^.  793- 
Homatropin  (see  A  tropin  group, 
250   to   366),    250,    256,    360; 
materia  medica,  266. 
Homatropinffi  hydrobromidum, 

266 0,0005  to  0.003 

Homeopathy,  145,  146. 

Homocnelidonin,  209. 

Homocinchonicin,  352. 

Homologous  series,  129. 

Honeys,  75, 125. 

Hops,  235,  227. 

Hot  baths,  700  to  702. 

Hot  drinks  as  diaphoretics,  303. 

Hot -water  bag,  701. 

Hunger,  cocam  in,  230;  coffee 

in,  816. 
Hunyadi  water,  596. 
Husemann's  reaction,  P.'W. — 

C,  767. 
Hydracids,  581. 
Hydragogues,  727. 
Hydrargyri    chloridum    corrosi- 
vum,   637.0.001  to  0.006 
mite,  637  .  .  .0.006  to  0.600 
cyanidum,  638,0.001  to  0.006 
iodidum  fiavum,  637, 

o.oi    to  0.060 
rubrum,  638,0.001  to  0.006 
oxidum  fiavum,  637, 

0.015  to  0.060 
rubrum,  637.  0.015  ^o  0.060 
perchloridum,  637, 

o.ooi  to  0.006 
subchloridum,  637, 

0.006  to  0.600 
subsulphas  flavus,  638, 

0.15    to  0.250 
Hydrargyrum        albuminatum, 
638. 
ammoniatum.  638. 
cum  crcta,  636,0.03    to  0.600 
Hydrastina;  hydrochloras,  228, 

0.015  to  0.030 

Hydrastininae hydrochloras.  228, 

0.035 
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Hydrastis.  236;  materia  mcdica. 
aaS;  P.  W.—M.  S03.  3,0  to  8 

H  y  drocarbon  h>i>notica  (sec 
Chloral  group,  451  to  457). 

Hydrtx'arlxm  narcotics.  414  to 
4Aa;  alcohol  group.  417  to 
437;  anesthesia,  437  to  450; 
chemie  stnicturr  on  action, 
414;  chloroform  and  tthcr 
group.  437  to  450;  ejiitoint;  of 
actions,  415:  h>'7)notic  group, 
45]  to  455;  local  actions,  415; 
Systemic  actitins,  417. 

Hydrocyanic  acid  and  uroup. 
130.  138,  1O9,  397,  4fiH  to  474; 
actums,  469,  470.  exjilanaticni 
of  action.  470;  fate,  471;  ma- 
leria  mcdica,  473.  474;  occur- 
rfrnci*,  468 :  subtoxic  doses, 
136:  tests,  99.  too;  therapeu- 
tics, 473;  toxicology  and 
ireatrnt-nt.  471  to  473;  P.  W. 
—C.  ^7t;^f.  7Q4- 

HydrodifTusion.  53a. 

Hydrofliuiric  acid.  665. 

Hydn-«phobia  virus,  40:. 

Hydrotherapy,  700  to  70a. 

Hydnjtifs  (s«e  Diaphoretics,  301 
10304). 

Hydroxylamin  (fieeSHriie  group, 

474  to  48 1). 

Hyoscin,  hyoscyamin,  and  hyos- 
cyamus  (see  A  tropin  group, 
250  to  266) (250.  353, 156, 359, 
360,  V64).  136,  153;  ma- 
teria niedica,  j66;  P.  W. — -F, 
78S. 

Hyoscifia?  hydrobromas.  j66, 

0.0003  f  0.0006 

Hyoscyamina;  sulphas.  j66. 

0,0005    to  O  003D 

Hyoscyamus.  266  .  . .  .0.3  to  1.5 

Hyperacidity.  752. 
Hyperhidrosis  {sir  Si^ht-sweats) 

of  feet.  666,  B78. 
Hyjicrisotunic  (definitirm).  534. 
Hyperisotonic  solutions,  elTects, 

544  to  546. 
HyjJcriiyrt-xia  (see  Fevtr,  391  to 

394). 
Hypnol,  453   (see  Antipyretics, 

355,    356),    materia    mcdica, 

3^4.  455  0-3  to  l.o 

Hypnotics,  4&S  to  4a7;  cannabis 
group,  334,  335;  hyoscyamin 
and  tiA-oscin,  260. 

Hypochforitcs,  667. 

Hypodermic  alimentation,  757. 


Hypodermic  injection,  137.  14 

(see  I  njfctioncs) . 
Hypoisotonic.    definition,    534;] 

effects    of    solution!'.    542    to 

544- 

Hypophosphitcs.  6^0. 
Hypophysis  cerebri,  316.  317 
[Iyx>osulphitesin  c>*antd-poisoo-  | 

'"R.  -172. 
Hypoxanthin.  176,  183,  187. 
Hyst<fria,  685. 

Iceland  moss,  7,  116. 

lehthyocolla.  117.  746. 

Ichthyol  ««o;  external  use,  384, 
Bil3;  m  luljtTcnlosis,  3R3. 

Ichthyosis,  alkalies  in,  662:  sul- 
phur   in,    664;    idiosvnc 

Igasurin.  157. 

Ignatta    (see   StryclmtH   (gnmi 
materia  mcdica,  tj$, 

0.03  to  01 
ICTiition,  49. 

rifx.  189. 

Illicium,  132,  717. 
Illuminating  ga.s.  45S 
Immediate  effects,  r.^j. 
Immunity,   1S4  tn  139;  1J3  to 

141 .  a^^ainst  hactertal  agents. 

jt97  to  401;  method  of  induc- 

mg.  309. 
Imperial  measure.  33. 
Impotence,  697, 
Incomjiaiibiiity.  91  to  94;  P.  H'. 

— C  763.  763. 
Incontinence  of  urine,  atnspui 

in.     362:     bromids    in.    $61. 

str^Thnin  in.  iGi.  173. 
India  rubber.  744. 
Indian  geranium.  120. 
Indian  hemp.  234.  235:  natmi 

medica.  326.  227. 
Indian  tobacco.  305. 
Indican.  1 14. 
I  ndigestion .    751    to    753    (see 

Pyipepsia). 
Indigo.  1 14- 
Indirect  eflects,  I3». 
Indoxyl,  385, 
Induction  coil,  776. 
Infantile  diarrtiea.  750. 
Infections     (see     HtuU-nal   f/*" 

sons),  cathartics  in,  734 
Inrtammalion,     astringmts   m. 

673;  colloids  in.  742,  lujj*o- 

tine  group  in.  687. 
Infusions,  56,  57,  89)  70> 
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Infusumabsinthii,  714, 

30.0  to  60.0 
aurantii.  714  ....  15.0  to  30.0 
compositum,  714, 

15.0  to  30.0 

buchu,  692 30.0  to  65.0 

calumbae,  712  ...  .  15.0  to  30.0 
cascarillae,  713.  ..  15.0  to  30.0 

chiratae,  713 15.0  to  30.0 

cinchonte,  352  .  .  .  15.0  to  45.0 
acidum,  352  . . .  15.0  to  45.0 
digitalis,  505  ....  4.0  to  12.0 
ergotse,  521  ...  .30.0  to  60,0 
gentianse  compositum,  712, 

15.0  to  30.0 

humuli 30.0  to  60.0 

lupuli 30,0  to  60.0 

pruni  Virginians,  473, 

30.0  to  60.0 

quassise,  712 15.0  to  30.0 

rhei,  731 150  to  30.0 

sciUse,  506 1-5  to    5.0 

scoparius,  306  . .  .  30.0  to  60.0 

seneg£e,  526 15.0  to  30-0 

sennje,  721 15.0  to  30.0 

sennre  compositum.  548, 

15.0  to  30.0 

uvaeursi 15.0  to  30.0 

Ingluvin.  751 0.5 

Inhalation,    administration    by, 

137.  142. 

Injectio     apomorphinae     hypo- 
dermica,  323  . .  .0.3    to  0.6 
cocainae  hypodermica,  240, 

0.1     to  0.3 
ergotae  hypodermica, 

0,2    to  0.6 
morphinae  hypodermica,  223, 
0.12  to  0.3 

Injectiones  hypodermicae,  67. 

Injections,  size,  794;  technique 
for  animals,  778. 

Inorganic  acids,  materia  medJca, 
583;  action  (see  Acids). 

Insanity  from  alcohol,  433. 

Inscription,  105. 

Insect  ijowder,  709. 

Insomnia,  treatment.  4£»6  to  457 
(see  Hypnotics) ;  bromids,  560 ; 
morphin  in,  217,  218. 

Inspissated  juices,  74. 

Instruments,  disinfection  of, 
380. 

Internal  secretion,  306  to  3S0; 
active  substances,  307;  defini- 
tion, 306:  function,  307;  his- 
tory, 306;  manner  of  action, 
307 ;  preparations,  308. 


Intervention,  pulverization  by, 

47- 

Intestinal  antisepsis,  385. 

Intestinal  catarrh  (see  Diar- 
rhea), strychnin,  166.  173. 

Intestinal  obstruction,  fever  by, 

395- 
putrefaction,   385. 

Intestine,  absorption  from,  541; 
phenomena  of  peristalsis,  205 
to  207;  P.  W. — M,  8oi,  802. 

Intravascular  clotting,  405. 

Intravenous  injection.  137,  142. 

Introduction  to  pharmacology, 
127  to  143. 

lodid  ion.  112,  661  to  565;  on 
circulation,  315;  materia  med- 
ica,  564,  565. 

lodin.  169.  667,  668;  as  alka- 
loidal  reagent,  154;  as  anti- 
dote, 154;  fever  by.  395;  in 
goiter,  668;  locally.  667,  668; 
poisoning.  668;  stain,  659;  on 
thyroids.  315. 

lodin  tribromid  and  trichlorid, 
668. 

lodipin.  564 4,0  to  15.0 

lodism,  563. 

lodoformum,     381,     417,     668; 

materia    medica.     382 ,     668 ; 

test,  ioi;in  tuberculosis,  383 

0.05  to  0.2 

lodol.  382.669. 

lodothyrin,  315  (see  Thyroid, 
312  to  316);  materia  medica, 
316 0.3  to  0.6 

ledum,  668. 

Ion  (definition).  537. 

Ion  actions,  551  to  553. 

Ipecacuanha,  155.  3z3  to  325; 
materia  medica,  324;  P.  W. — 
F,  788;  A/.  794.  803, 

0.05  to  0.3 

Ipomffia,  723. 

Ipooh.  481. 

Iris  florentina,  120. 

Iris  versicolor,  725. 

Irish  moss.  116. 

Iritis,  atropin  in,  261 ;  physostig- 
min  in,  300. 

Iron,  ion  action  of.  613  to  632; 
absorption  of  summary,  617 
(by  chemic  methods,  613 
to  616;  by  microchemic 
methods.  616  to  618);  action 
on  injection.  613;  in  anemia 
and  chlorosis.  619  to  623;  on 
blood-corpuscles,  618;  excre- 
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tion.  6r4.  618:  on  hemoploliin 
formation.  618:  inorKanu-  and 
organic  forms.  61^;  organic 
preparations,  631;  in  organs, 
61.1.  617:  quantity  in  blood 
and  urine,  6 jo;  in  fnod.  631; 
theories  of  action,  613  lo  6j3; 
therapeutics.  6ig  to  623. 

Iron,  luca)  actions.  070  to  0H3 
(see  lifctais) :  on  intestine,  621 , 
633. 

Irtni.  materia  medica.  62S  to 
626;  for  external  use,  6*3; 
insoluble  inorganic.  6jj; 
liquid  inorganic  (compound. 
635;  simple,  624);  organic. 
635,    63*5;    soluble   inorganic. 

Irritants  (see  Caustics),  660  to 
flflO;  absorpti<)n  by,  657;  on 
alimentar\*  canal,  kidneys, 
liver,  anil  respiratorj'-  pas- 
sages, 654:  astnngents,  655, 
656;  classiBcation,  661;  cor- 
rosion, 6|i3:  manner  of  action, 
650.  651;  on  mucous  mem- 
branes, 65.1,  654;  physical. 
(ti)S  to  70^1;  on  skin,  ftol  to 
6o3,  656:  toxicolog\',  657  to 
661;  treatment,  660;  volatile 
organic,  68^  to  693. 

Irritation,  delmition.  130. 

Isinglass,  117,  716;  plaster,  745. 

isomeric  c«»mpounds,  129. 

Isonitrils,   iiff. 

Isopellctienn.  737. 

Isotonic,  definition,  534;  effects 
of  solutions.  544  to  546. 

Itch,  70Q. 

Itching.  748  («ee  Pruritus). 

Ivy-poisoning.  697. 

Jaboran'di  (sec  Pilocarptn,  371 
to  274,1.  materia  medica.  304. 

0.3    to  3.0 

Jftcoby  (ergot).  513. 

Jalapa.  733 0.3  to  1,0 

Jamaica  dogu-ood,  225;  materia 

medica.  277. 
_amestown  weed.  265. 
lapaconitin.  331. 

asmin.  305 

atecrrhiza.  71a, 

avclle  water.  668. 

cquirity  bean,  41S. 
.  uglans.'68i- 

,  ugular  vein,  isolation.  785. 
Juices,  73;  mspissatcd.  74, 


JnniperuH,  390.  687.  «81, 

4.0  to  8.a_ 
sabiRH.  693. 

Kairin  (see  Anttpyrrtic  ^^yun 
355  •■'*  J^5^-  c*mstitulion,  365J 
materia  medica,  3O4.  0.3  to  1 

Kalmia.  681. 

Kamala,  738. 

Kation.  537 

Keller's  method  of  assay.  1 

Kennedy  (heart),  348. 

Kermes  mineral,  611. 

Kidneys,  drugs  on  (see  Dinn 
507  to  5 1 3) ,  internal  srcrction^ 
31H. 

Kilogram,  jj. 

Kino,  680. 

Kissingen  salt  and  water,  593. 

Kneip  cure.  703. 

Knife  edge,  38, 

Knife-pomt,  34. 

Kobert  (ergot,  $17;  fnoTphifll 
tcatJ.K  W  —C.  767. 

Kola  (sceO/a).  189, 

Kosotoxin,  738. 

Koumiss.  437. 

Kousso,  738. 

KraepeHn  (alcohol).  419- 

Kramena,  680. 

Kumiss,  437. 

Labarbaquh's    solutioo,    $9>, 
66N. 

Labor,  ergot  in.  519,  530. 
Lac  sulphuris.  665. 
Lacteal   vessels   (uf  plantl). 

(Fig.  10). 
Lactnphentn  (la^t 

(see  Anhpyrfti, 

365;    constitution,    jOj.  oJ 

teria  medica.  364  . .  .0.3  to  1.0 
Lacinca.  351. 
Lactucarium.  M&;  materia  vxi- 

ica.  327 ot%Q^.<t 

Lafayette  mixtune,  6*31. 
Laking  of  blood.  4CM- 
Lamellit.  .SO. 

ainipni*.  ifrfi. 

cocaina;,  340. 

hnmatrnpinflt-  »66. 

p)iyS"  '  inft 

Laminn  I.^ 

Lamph!,.,. ,.    iW. 
LangendnrfT   (heart),  *jo  (F* 

48.  p    348). 
Lanolm,  83,  141, 14Z* 
Lappa.  714. 
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Lard.  83,  :4«. 

Lard  oil.  743. 

Larkspur,  337. 

Lassaigne's  test  (P.  W. — C) .  766. 

Late  effects  of  dru^,  132. 

Latin  in  prescriptions,  105,  108 
to  111;  table  of  words  and 
phrases,  110. 

Landanin,  209. 

Laudanum,  223,  U.S.P., 

0.2  to  1.3 

Laudanum.  222.  B.P.,  0.6  to  2.0 

Laughing  gas,  4fi7,  458. 

Laurocerasus,  474. 

Lavandula,  120.    . 

Laxatives,  726,  727. 

Lead,  ion  actions  and  poisoning, 
638  to  645;  absorption,  639; 
arthritis,  643;  colic,  642  {atro- 
pin  in,  261;  morphin  in,  218; 
nitrites  in,  479);  encephalo- 
pathia,  644;  etiology,  639, 
640;  excretion,  640;  line,  640; 
paralysis,  643  (strychnin  in, 
173);  phenomena.  641  to  644; 
prophylaxis.  644,  645;  reten- 
tion in  organs.  641;  thera- 
peutic uses,  645;  treatment, 
644. 

Lead,  local  actions  (see  Metals), 
670  to  683. 

Lead,  materia  medica,  645. 

Lead  and  opium  wash,  205,  222. 

Lead  plaster,  645. 
water,  645. 

Leaf,    r8. 

Leeches,  703. 

Legumes,  755. 

Lemon.  28. 

Lemon  grass,  120. 
juice,  587. 

Lemonade,  587. 

Leptandra,  725. 

Lettuce  juice,  225  to  227. 

Leucemia,  187 ;  nucleins,  317; 
oxygen.  463, 

Lcucomains.  151,  176,  396. 

Levant  wormseed,  738. 

Levigation,  48. 

Liber,  18. 

Licorice,   119. 

Liebig's  beef,  composition  of, 
190. 

Liebig's  condenser,  53.  54  (Fig. 

..35)- 
Lignm,  23. 
Lignum.  17,  27. 
Lily  of  the  valley,  506. 


Lime,  571. 

Lime  water,  571,  59a,  4.0  to  30.0 

Linden,  120. 

Linimenta,     action     and     uses, 

materia  medica,   76,    706  to 

708. 
Linimentum  aconiti,  707. 
et  chloroformi,  707. 

ammonias,  707. 

belladonns,  364,  265,  707. 

calcis,  657,  707. 

camphorae,  467,  707, 
ammoniatum,  468,  707. 

cantharidis,  707. 

chloroformi,  450,  707. 

crotonis,  707. 

iodi,  707. 

Opii,   3  22, 

saponis,  707. 
sinapis,  708. 

compositum,  708. 
terebinthinae,  707. 
aceticum,  708. 
Linseed.  116,  745;  poultice,  83; 

oil,  743- 
Linum  and  linumcontusum,  116, 

745. 
Lipanin,  756. 
Liquid,  weighing  of,  39. 
Liquidamber,  121,  689. 
Liquor  acidi  arsenosi,  610, 

0.12  to    0.60 
chromici,  626. 
ammonii    acetatis,    557,    558, 
592  (prep.,  67), 

2.0  to  30.00 
arseni    et    hydrargyri    iodidi, 

610 0.12  to    0.60 

arsenicalis,   610,  0.12  to    0.60 
arsenii  hydrochlorici,  610, 

0.12  to  0.60 
atropina;.  266.  .  .0.03  to  0.06 
auri  et  arsenii  bromidi,  629 

0.06  to  0.50 
bismuthi  et  ammonii  citratis, 

613 2.0    to    4.00 

calcis.  571,  592.  .4.0    to  30.00 
saccharatus,  571, 

i.o    to    4.00 
carminis,  1 14. 
chiratse  concentratus,  713, 

2.0    to    4.00 
epispasticus,  696. 
fern  acetatis,  625, 

0.12  to    0.60 
chloridi,  623  (prep.,  66). 
citratis,  625  (prep.,  66). 

0.3    to     1. 00 
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Liquor  fcrri  el  ammonii  acetatis, 

625 4.0    to  15.0 

nitratis,  633, 
perchloridi,6a5, 

0.3    to     i.o 
fortior,  623  (prep.,  6ft). 
Kiibsulphatis.     6i3     (prep., 

67). 
tersulphatis,     633     (prep.. 

66) 
hamameltdis,  6S9. 
hydrar[^-ri  nitratis,  63S  (prep. 

67): 
perchloridi,  638, 

3.0      to      4.0 

iodicompositus,  663, 

0.06  to    0.5 

forlior,  668. 

morphinae     acetatis.     hydro* 

chloridi,  and  lariratis.   273. 

0.6    to    3.0 

pancrcatis.  750. 

pepsiiii.  750 4.0    to    8.0 

aromaticus,  750. 

4  o    to    8.0 
plumbi  subacctatis.  645  (prep. 
67), 
dilutus.  645. 
fortior.  645. 
potass^.  5QI. 
putassii  citratis,  569,  J»9fi, 

4.0    to    8.0 
qua&sifiE  concentratus.  712. 

2.0    to    4.0 
rhci  concentratus.  721, 

2.0    to    4.0 
sarsa:  compositos  concentra- 
tus, 5^6  ...      S  o     to  jo.o 
senegas  concentratus,  526, 

2.0    to    4.0 
senna;  concentratus,  721, 

2.0    to    4.0 
seriparus,  755. 
seqicntaria;  concentratus, 

713 ».o    to    4.0 

soda^,  3»2. 

Eod.-e  chloraUe,  593,  668. 

sodii  arscnatU.  610, 

0.12  to    0.6 
silicatis,  745. 
strj'chninat         hvdrochloridi , 

.  nf>--: ' 0-3 

tnyroidei,3f6- . .  .0.3    to     i.o 

trinitrini,  4S0        .0.05  to    0.2 

zinci  chlorid),  631. 
Liquon-K  (pharmacy).  6&  to  67; 

strength  of,  67. 
Liquores  coDcentrati,  70. 


Liter.  32. 

Lilhiasis  (sec  Urinary  caicult^. 

Lithti  benzoBA,  390, 

0.3      to      1.0 

bromidnm,  561.. 0.3    to    4.0 
carbonas,  554,  569,  59*, 

0.3    to    1.2 
citras.  554.  569.  592, 

0.3    to    J.O 
efferx-esccos,  551.  554.  569. 

592  - 4.0  to  8.0 

salicylas,  300- 03  to  2.0 

vanadas.  630 0^04 

Lithium  ion.  554;  in  uruuuy  cal* 
cuius  and  gout,  591. 

Lithrea.  697. 

Litmus,  1 1 4. 

Liver,  acute  yellow  atrophy 
(ammontatum),  556,  in  boc- 
tcrial  infct-linn.  404.  dcstruc- 
tinn  of  pnisons  by.  136. 

Liver  of  sulphur.  665, 

Liven\'ort.  144, 

Lobelia  and  lobelin,  292:  ma- 
teria medica.  305:  ihcrap«tt- 
tics,  399,  P.  W. — F,  788,  790, 
7gr. 

Local  action  of  drugs.  131.  131- 

Lncal  aru-sthcsia.  2^8  to  240 

Local  medication.  l41. 

Liically  acting  drags,  introdac* 
tion.  530  to  532. 

Logw.xiii.  680. 

Lotio  (lava,  638.  

rifjra.  637. 

opti  et  plumbi,  12a. 

Lug'il's  sulutiun.  668. 

Lunar  caustic,  628. 

Lung^worl.  144, 

LupuIinuTii  (and  lupaliu).  Sts; 
materia  mcdira. 227,  o.2toto 

Lycopodium,  741 

Lycopus.  714, 

Lymphogogues.  539. 

Maceration,  ^6. 

Mcl-arland    (biologic   tberspco- 

tics).  400. 
McOraih  (heart).  14S. 
Maris,  133.  719. 
Madder,  111. 
Magnesia,  550.  593..o.jto 

levns,    550 4.0  to 

mixtun?,  761. 
Magnesit  carbonas,  550.  592. 
4-0  to 

Ie\'is.   550, 4.0  to 

ponderoaoa,  550, 4.0  to 
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Magnesii      citras     effervescens, 
551   4.0  to    8.0 

sulphas,  550,  551;  /■'.  W. — A/, 

795 40  to  30.0 

Magnesium  ion,  552. 

salts.  549,  550. 

waters,  596. 
Magnolia,  132. 
Maguey,  225. 
Maize,  27  (Fig.  9). 
Malaria.    349;   arsenic   in,    609; 

morphin   in,    219;   quinin   in, 

34910351. 
Male  fern,  737. 
Mallotus,  738. 
Malonic  acid,  586. 
Malt  liquors,  437. 
Malton  wines,  434. 
Maltose,  24. 
Maltum.  751. 
Malva,  117. 
Mammals,  doses  for,  795;  work 

on,  793  to  803. 
Mammary  glands,  320. 
Mandragora,  251. 
Mandrake,  724. 
Manganese,     626;      absorption, 

615. 
Mangani  dioxidum,  626, 

0.12  to    1.6 

sulphas,  626. 
Mania,  bromidsin,  561. 
Manna,  ji8,  727..  15.0    to  60.0 
Mannit,  21,  550,  728. 
Manometers,  777. 
Maple  sugar,  118. 
Marasmus,    213;    strychnin    in, 

173- 
Marc,  56. 

Marcy  tambour,  783. 
Marienbad  water,  596. 
Marrubium,  714. 
Marsdenia,  713. 
Marshmallow,  117,  746. 
Martin  (heart),  247  (Fig.  48,  p. 

248). 
Massa,  80. 

copaiba;.   691 0.06  to  0,3 

ferri  carbonatis,  623. 

0.06  to  0.3 

hydrargyri,  636.  .  .0.03  to  o.i 
Massage,  6c)g. 

Mate  (see  Caffein  group) ,  189. 
Materia  medica.  definition.  128. 

Matico,  686,  691 2.0  to  8.0 

Maximal  load,  P.  W. — F,  790. 
May-apple,  724. 
Mayer  s  reagent,  761. 


Meadow  saffron,  341. 

Measure,  apothecaries',  33;  im- 
perial, 33;  metric,  32;  popular, 
34;  wine,  33. 

Measuring,  39;  flasks,  39  (Fig. 
21). 

Meat,  754. 

predigested,  755. 

Meat  preparations,  186  to  188f 
754- 

Meat-poisoning.  270. 

Meconic  acid,  767. 

Meconium,  221. 

Medicated  baths  (see  Baths). 

Medicated  wines,  73. 

Medicine,  origin  of,  143,  144. 

Medullary  rays,  27. 

Mel,  75,  118;  boracis,  125,  575; 
rosse,    125 4.0  to  8.0 

Melissa,  120. 

Mellita,  75. 

Melon  seed,  737. 

Meniscus,  39  (Fig.  r8). 

Menispermum,  714. 

Menorrhea,  523. 

Menstruum,  definition,  56; 
choice  of,  59. 

Mentha,  122,  468. 

Menthol,  122,  464  to  468;  ma- 
teria medica.  468,  0.03  to  0.12 

Menyanthes,  714. 

Mercuric  chlorid  as  alkaloidal 
reagent,  154. 

Mercury,  ion  actions  and  poison- 
ing, 169,  631  to  636;  absorp- 
tion, 631 ;  acute  poisoning,  632 
to  634;  administration,  635; 
chronic  poisoning,  634,  635; 
contraindications,  636;  excre- 
tion, 631 ;  retention  in  organs, 
632;  therapeutic  uses,  635, 
636;  treatment  of  poisoning, 

633.634;/'-  t^.— A/.  794- 

Mercury,  local  actions  (see 
Alclals,  670  to  683),  as  anti- 
septic. 374  to  387 ;  strength  of 
ointments,  671. 

Mercury,  materia  medica,  636 
to  638. 

Mercurj'  with  chalk.  636. 

Mescal.  225. 

Metabolism  as  influenced  by 
drugs,  768  to  760;  arsenic  on, 
605;  phosphorus  on,  646; 
xanthic  products  of,  176. 

Metallic  salts,  local  actions.  669 
to  683;  astringents,  673  to 
675;  caustics,  670;  on  intes- 
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tine,  671,  67a;  irritants,  671; 
relative  astringent  and  caus- 
tic action,  669,  670;  solu- 
bility, 669;  special  uses,  679; 
strength  of  solutions,  68a;  on 
stomach,     671 ;     therapeutic 


uses,   679; 
Metalii< 


W. 


774. 


ic  salts,  systemic  (ion) 
action,  &9ft  to  649;  absorp- 
tion, ^99;  action,  600,  601; 
excretion,  601;  solubility,  599. 

Metaphosphoric  acid,  584. 

Meter,  3a. 

Methemoglobin,  1 33 ;  drugs 
forming,  373;  spectrum,  470 

(Fig.  7i);7*.;K-C,774. 
Methods  of  admimstration,  137, 

141  to  14S. 
Methods  of  pharmacology,  laS, 

Meuiyl-acetanilid,  364. 
Methylene-blue.  114,  tOO, 

O.I9  to  0.5 

Methyl-salicylate,  390, 0,06  to  0.3 

Methyl-strychnin  (see  Curare 
group,  aog.  374  to  379). 

Methyl-tellurid,  610, 

Methyl-violet,  391. 

Meth^l-xanthin,  176. 

Metnc  system,  advantages,  34, 
3  5 ;  basis.  3  7 :  divisions,  3 1 
(F'E-  1 3) ;  relation  to  common 
system,  35. 

Metrology,  30;  examples.  36;  in- 
struments and  methods,  36; 
systems,  30  to  36. 

Meyer   (alcohol),   42a;   reagent. 

Migraine,  caffein  in,  184. 
Milk,  755. 

Milk,  peptonized,  188,  766. 
Milk  of  asafetida,  685. 

of  sulphur.  665. 
Milk-juices,  a8. 
Milk-su^ar,  118. 
Milligram,  33. 
Millimeter,  33. 
Millon's  reaction,  100. 

reagent,  770. 
Mineral    acids.     169,    582    (see 

Acids). 
Mineral  fats,  141,  744. 
Mineral    waters,    classification, 

594;  summary,  593  to  597. 
Minim,  3^, 
Mint.  688. 
Miosis,  354, 


MisttiTB.    chloraliff    et    potasai 

bromidi,  454 4.0 

chloroformi  et  cannabis  co., 

450 a.o  to    4.0 

contra  diairhoeam,  676, 

a.o  to    4.0 
copaibae  composita,  691, 

4.0  to    8.0 
creosoti,  389    ....   4.0  to  15.0 

cretsB,  570 .......  8.0  to  15.0 

ferri  composita,  635, 

8.0  to  15.0 
glycyrrhizae  composita,  539, 
4.0  to   8.0 

guaiaci,  69a 15.0  to  30.0 

olei  ricini,  ;ri9-  ■  .30.0  to  60.0 
oleo-balsamica,  689. 
rhei  et  sodse,  730  .  .8.0  to  60.0 
senne  composita,  719. 

8.0  to  60.0 
vini  gallici,  436  .  .15.0  to  60.0 

Misturee,  78. 

Mitigated  caustic,  639. 

Mitscherlich  still,  98  (Fig.  44). 

Mixtures,  76. 

Mol,  536. 

Homeka,  336. 

Monarda,  130. 

Monk's  hood,  336. 

Monsel's  solution,  633. 

Morphin  and  group,  133,  136, 
15a,  153.  1»7  to  »4,  336;  ab- 
sorption, 3o8;  on  alimentary 
canal,  305  to  ao8;  asphyxia, 
aoa;  on  attention,  199:  on 
brain.  198.  300;  cause  of 
action,  304;  on  cat.  199:  on 
central  nervous  s\'stem,  19S 
to  204;  on  circulation,  aoa; 
coma,  differential  diagnosis. 
303;  comparison  of  members. 
209;  on  cough.  199:  destruc- 
tion of,  309;  by  liver.  136: 
details  of  action,  198  to  30S: 
diagnosis,  203,  316:  in  dia- 
betes, 219  to  231 :  excitement. 
199;  excretion.  308,  309;  fatal 
dose,  317;  fate,  209;  on  frog. 
198;  habit,  136.  aio  to  215;  on 
heart,  aoa;  materia  medica, 
3  a  I  to  a  34 ;  on  medulla,  aoo  to 
203;  members,  204;  on  meta- 
bolism, aoS:  on  pain.  199: 
paralysis,  199;  peripheral  ac- 
tions. 304;  on  peristalsis.  205 
to  ao8;  on  pei^iration.  201: 
protopin  group,  310:  on  pupu. 
303;  on  reflexes,  300,  303;  on 
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respiration,  200  to  20a;  secon- 
dary tetanus,  199,  203;  on  se- 
cretions, 208 ;  on  sensation, 
204;  on  sexual  appetite,  200, 
304:  side-actions,  218;  sleep, 
199;  on  special  senses,  200; 
on  spinal  cord,  203;  on  stom- 
ach, 205 :  summary  of  actions, 
197;  therapeutics,  217  to  219; 
toxicology,  215;  treatment  of 
poisoning,  216;  P.  W. — C, 
765,  767;  F,  788;  A/,  794. 

Morphina  and  its  salts,  materia 
medica,   223.  .  .  .0.008  to  0.15 

Mortars,  47  (Fig.  28). 

Moschus,  131,  466,  686. 

Mountain  laurel,  681. 

Moxa,  702. 

Mucilage,  28;  commercial, 
117. 

Mucilagines,  68. 

Mucilago  acacia.  116,  746. 
cydonias,  117,  746. 
sassafras  medullas,  746. 
tragacanthx.  116,  746. 
ulmi,  117.  746. 

Mucus,  alkalies  on,  589,  591;  as 
demulcent,  741. 

Mullein.  117  (rig.  7,0.  25), 

Murexid  reaction,  F.  W. — C, 
767. 

Muriates  (see  Chlorids). 

Muscarin  and  group,  267,  268; 
materia  medica,  304  (see 
Mushrooms),  P.  W. — F,  792; 
M,  803. 

Muscle,  absorption  of  solutions 
by,  541;  drugs  on.  P.  W. — 
F,  789  to  791. 
levers,  781  (Fig.  89). 

Muscle-nerve  poisons,  132,  ISO 
(chain.  Fig.  45.  P-  ^S'); 
analysis,  806;  P.  W. — F,  789 
to  791. 

Muscle-nerve  preparation,  779. 

Mushroom-poisoning,  269,  413. 

Musk.  121.  464,466. 

Musk-root.  685. 

Mustard  oil  group,  155,  693. 

Mustard  plaster,  693. 

Mutton  suet.  743. 

Mydatoxin,  267. 

Mydriasis.  254. 

Myosis,  254;  by  morphin,  203. 

Myristica,  123,  716. 

Myronate  of  potash,  and  my- 
rosin,  693. 

Myrrha,  121,  6S9. 


Naphtalin  (see  Carbolic  group, 
152,  365  to  391).  constitution, 
364;  materia  medica,  391, 

0.3  to  i.o 

Naphtol  (see  Carbolic  ^roup,  365 
to  391),  constitution,  364; 
materia  medica,  391, 

0.3  to  1.0 

Narcotics,  455;  definition,  199; 
caffein  against,  184. 

Narcotina  (see  Morphin  group, 
197  to  224),  152,  153,  197, 
219 0.2 

Natural  cure  of  disease,  146. 

Nauheim  water,  595. 

Nausea  and  nauseants,  321;  as 
diaphoretics,  303, 

Nepeta,  686. 

Nephritis  from  alcohol,  432; 
from  anesthetics,  443;  from 
bacterial  poisons,  404:  dia- 
phoretics in.  302;  diuretics  in, 
512;  pilocarpin  in,  300. 

Nerium,  506. 

Neroli  oil,  120. 

Nerve-trunk,  resistance  to 
poisons,  150. 

Nervous  exhaustion,  phos- 
phorus, 649;  strychnin,  173; 
tonics,  758. 

Nervousness,  bromids  in,  561; 
hypnotics  in,  455  to  457. 

Neuralgia,  aconite  in,  336;  qui- 
nin  in,  320. 

Neurin.  26;,  269,  270,  310. 

Neutral  principles,  22. 

Neutralization  of  acids  and 
alkalies.  660;  of  alkaloids,  154. 

New  remedies,  133. 

NiccoU  bromidum,  628, 

0.13  to  0.5 

Nickel.  627. 

Nicotiana.  305. 

Nicotin  and  group,  152.  153.  279 
to  290,  310;  acute  actions,  279 
to  283;  on  alimentary  canal, 
28a;  on  central  nervous  sys- 
tem, 280;  chronic  action,  a86 
to  28S:  on  circulation,  281, 
282  (Fig.  54);  constitution, 
279.  285;  excretion,  384; 
habitual  use,  285  to  289; 
habituation,  386;  on  heart, 
281  (Fig.'  53);  local  actions, 
285;  members,  379;  percent- 
age in  tobaccos.  289;  periph- 
eral actions,  380  to  283;  proof, 
284     (Fig.     55) ;    on    smooth 
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muscle.  28a;  symptoms.  283; 
systemic  actions,  2S6  to  289; 
toxicology.  282  to  284;  treat- 
ment. jft4;  F.  W.—F.  788, 
790,  7Q2;  M,  7Q4,  799,  801, 
8ot       o.ooi 

NiRflln  and  nigcllin.  271. 

Night-sweats,  aparicin  in.  468; 
atropin  and  hyoscin  in,  261; 
camphoric  acid  in.  468;  co- 
toia  in,  681:  heroin  in,  219; 
picrotoxin  in.  193;  sod.  tcllu- 
rate  in.  6  to. 

Nihilism,  therapeutic,  146. 

Nir\-.inin,  240. 

Nissl  granules  (Hlcohol),  423 
(Fig.  ftg). 

Niter.  480. 

Nitrate  ion,  565,  566. 

Nitrils  (sec  Hydtocyanic  group, 

468  to  474).   120. 

Nitrite  group,  474  to  481 ;  ac- 
tions. 474  to  476;  dirterences 
in  mcmlwrs.  477;  materia 
medica.  4S0,  481;  therapeu- 
tic uses,  47y,48o,  vasodilators. 
477;  P.  \V.—F.  789;  M.  800, 
803.  80.1- 

Nitmlicnzol  action,  101.  133, 
4112. 

Nitrocolluloso,  69. 

Nitrrtgtrn  test.  P.  W. — C.  766. 

Nitrnfjiycerin  (sec  Xitnte  group, 
474  to  481).  materia  mcdica, 
4NI. 

Kitrdus  oxid.  4£7.  458. 

Normal  salt  .v>lution  in  collapse. 
iij6.  197;  fever  by,  409. 
sirencth.  7S7. 

Nosf>phen.  _^K?. 

Nucleic  acid,  nucli-ins  and 
nucleo-albumins,     317,     405. 

Nucleus,  selective  action  of 
drugs  on.  150. 

Nut.  24  {Fig.'4). 

Nutgall.  680. 

Nutmeg.  123.  716. 

Nutrients,  «53  to  757;  carbo- 
hydrates. 756;  fats.  755;  pro- 
tcids,  7  54 ;  rectal  afimcnla- 
tion.  757. 

Nutrition,  drugs  on.  740  to  7ftO. 

Nux  vomica  (sec  Strychntn)  on 
alimentar>-  canal,  166.  17^; 
introduction.      157;     materia 


medica.  175;  P.  W. — C,  767. 
0.03  to  O.J 

Oatmsal.  117. 
Oat-starch.  20  (Fig.  i) 
OhcMty,  adds  in.   58r,  alkalies 

in.   591;  diaphoretics  in.    ^04; 

diet  in.  581;  ovarian  extract 

io,  319.  320;  thyroid  in,  31O; 

wat<'rs  in,  544. 
Objects  of  pharmacology.  i»8. 
Octarius,  33. 
CEnanthe     and     craanthotoxin. 

191. 
CEnanthic  ctht-ra.  416. 
Oil  of  \-itriol.  585 
Oils  (see  Olaiw,  cathartic,  voia- 

tiU\  p.rt'<yi.  28,  coloring  <i[,  114. 
Ointnfents  (sec  ( 'ngtu-ntum^ ,  KS; 

emollient,  744;  strength.  384- 
Olea.  743 
Oleandresin.   igi. 
Oleandrin     and     (Meander     (fee 

DtRttiilis  grt^iip.   4S1    In   506), 

191.  4S1 ;  materia  medica.  506- 
Oleata.  fi9. 
Oleatum  hydrargyri.  637 

veratrin;e,  340. 

zinci,  A40.  _ 

Oleic  acid.  i4t,  743  (kc  Actdum 

Oteoresina  aspidfi,  737. 

t-o  104.00 
capsici.  696  . .  .0.013  ^  <>os 
cuiM-ba*:  691 .  .  0.3  to  i  jo 
lupulini.  227.  .  0.3  Ui  >  00 
piperis.  ^16  ...  0.015  <°  006 
zingiliens,  71ft  .0.03  to  020 
Oletira'  obsinthii.  714, 

0.05    to  o.ie 

achp's.  7-13 
a^thereum.  450. 
ainVKdalir  amanc.  lax,  471. 
aipyydala;  cxpres&um.  743 
aneihi.  123.  716. 
onisi.  121.  716. 
antheniiclis,  123. 
aurautii  corticts.  12a,  laj. 
aurantit  flonun,  123. 
bergamotta?.  122,  123, 
betulie  volatile,  1 23,  390- 
cadinum.  389,  390. 
cajeputi.   ftM>  0.05(00.3 

camphorattim..  467. 
carlxilisatum.  38S. 
can.  123,  719. 


*Dose  of  all  essential  oils:  0.1  to  0.3  tinless  specially  noted. 
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Oleum    caryophylli,     123,    680, 
716. 
chenopodii,  739,0.1       to  0.60 
cinnamomi,  123,  689,  716. 
copaibse,   691 .  .  .0.06    to  0.30 
coriandri.  123,  716. 
crotonis,  719  .  .  .0.015  to  0.12 
cubeb^e,  690,  691, 

0.3      to  1.20 
erigerontis,  686,  689, 

0.05    to  0.30 
eucalypti,  690  .  .0.3      to  2.00 
fccniculi,  124,  716. 
gaultherix,     124,     390,     689; 
constitution,   364, 

0.06    to  0.30 
gossypii  seminis,  743. 
hedeomae,  692  .  .0.6      to  0.30 
jecoris  aselli,  758. 
juniperi,  691  .  ,  .0.1      to  0.60 

empyreumaticum,  389. 
lavandulee  florum,  124. 
limonis.  122,  124. 
lini.   743. 

mentnEc  piperitae,  134. 
menthae  viridis,  124. 
morrhuEe,  758. 
myrciae,  124. 
myristicje,  124,  716. 
olivte,  743. 
phosphoratum,  649, 

0.06    to    0.30 
picis  liquids,  389, 

0.06    to    0.30 
pimentae,  124,  716. 

ricini.  719 8.0      to  60.00 

rosK,  124. 
rosmarini,  124,  680, 

0.06    to    0.30 

rutae,  692 0.06    to    0.30 

sabinjE,  692  . .  .0.06    to    0.30 
santali,  686,  691. 

0.1      to    0.60 
sassafras,  124,  689,  716. 
sesami.  743, 
sinapis  volatile,  693, 
terebinthinie,  688, 

0.05    to    0.30 
rectificatum ,   688 , 

0.05    to    0.30 
theobromatis,  743. 
thymi,  124. 

tiglii,  719 0.015  t*^    °-^' 

Olibanum,  121. 

Olive   oil,    743;   in    hypodermic 

alimentation,  757. 
Onion.  17.  693. 


Oophorin,  320. 

Operations  on  frogs,  779  to  782; 
on  mammals,  782  to  787. 

Opii  pulvis.  ....  .0.015  to    012 

Opium  (see  Morphin  group,  197 
to  224),  169;  assay,  86  to  90; 
habit,  210  to  215;  materia 
medica,  221;  smoking,  aio; 
P.  W.—C,  767,0.015  to    0.12 

Opium  deodoratum,  221, 

0.015  to    o-'^ 

Oral  administration,  141. 

Orange  flower,  120. 

-Orchis,  117. 

Orchitic  extract,  319. 

Orexin,  711 o.i  to  0.4 

Organ  extracts  (see  Internal 
secretion). 

Organic  acids,  c82,  583. 

poisons,  P.  W,~~C,  764,  766. 

On^n  of  medicine,  143,  144. 

Oms,  120. 

Orthoform,  239;  materia  med- 
ica, 241. 

Orthophosphoric  acid,  584. 

Oryza,  117. 

Osmic  acid,  585. 

Osmorrhiza,  122. 

Osmosis,  osmotic  pressure  and 
tension,  532  to  686;  initial 
rate  of,  555. 

Osteomalacia,  calcium  in,  569; 
phosphorus  in,  649. 

Ottar  of  rose,  120. 

Ouabain,  481. 

Ounce,  33. 

Outline  of  toxicologic  analysis, 
97  to  103. 

Ovarian  extract,  S19. 

Ovariinum  siccum,  320 0.5 

Ovar>'  (botany),  18. 

Ovens,  51. 

Oxalates  and  oxalic  acid,  130, 
133.  169.  572,  573;  P.  W.—C, 
77i;F.  789;//,  795. 

Oxyacids,  581. 

Oxybenzols,  constitution,  364. 

Oxybutyric  acid,  578.  579. 

Oxydimorphin,  21a,  328. 

Oxygen.  462,  463;  in  hemo- 
philia, 523;  in  poisoning,  156. 

Oxymel  scillae,  125,  506, 

2.0  to  4.0 

Oxymellita,  75. 

Oxytocics,  521,  522. 

Oxyiuis,  739. 

Ozone,  462. 
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Pain  (scv  .^  rie'iJ/it'jiti) .  bromids 
in.  5611  cuunlcnrritants  in, 
716.  hypnotics  in.  455  to  457; 
moTphin  in.  19S.  217:  for 
strychnin.  161. 

Panax.  122,  714. 

Pancreas,  interna]  secretion. 3 18. 

Pancrcatinum.  750       .0.3  tq  i;o 

Pansy.  68 1. 

Papain,  751  ,    ,  ,      .    .0.1  to  05 

Papavcnn  (see  Murfthin  group, 

IQ7  to  324),    197.   209,  231. 

Para  ruljber.  744. 

Paracelsus.  144. 

Paracentesis,   carbolic  acid  in, 

Parat'ftnphrnctidin.  364. 
Paraffinum  durum  and  molle, 
744. 

liquidum,  743, 
Paraguay  lea,  189. 
Pararrk-hyduni.     4&4;     materia 

medica.  45s   to  1.0 

Paralyzants"  F.  H'.— F,  7S7. 
Parasites,  cutaneous.  708,  709. 

intestinal  (see  anthelmintics). 
Parathyroids.  313. 
Paraxanthin.  176 

Paregoric,  jaa 4.0  to  8.0 

Pareira.  714. 

Parenchyma  (botany),  24  (Fig. 

S)- 

Parotid  gland,  320. 

Parsley,  laa. 

Pathologic  conditions  on  action 
of  drugs.  140. 

Pathology,  relation  to  pharma- 
cology, 1 38. 

Patients,  cxperimentingon.  131. 

Paullinia.  i8g 

Pectins.  23,  tl6. 

Pcdiculi,  709. 

Pelargonium,  120. 

Pellagri  reaction.  P.  W. — C, 
767. 

Pcllcticrinum  tannicum.  737, 

0.5  to  1.0 

Pengawahr.  678. 

Pcnn>Toyal.  687.  M2. 

Pental.  445. 

Pentstcmon.  714. 

Pcpo.  737. 

Pepper.  123. 

Pepjjcrmint,  lai, 

Pep.sinum.  750..  ....  .0.2  to  i.o 

saccharatum,   750.  .0.3  to  4.0 

Peptones  {boc  Aiomuosesh 

Peptonized  milk,  188. 


Percolation.  37  to  £8;  perco- 
lator. Fig   40.  p.  58. 

Pericarp.  18 

Periderm.  26. 

Perif^ic  dt>sc.  143. 

Peripheral  vessels.  P.  W.—Af, 
798.  80J. 

peristalsis  of  tnl«stuic,   £05  to 
207. 
of  heort.  345. 

Peritonitis,  morphin  in,  318. 

Permanganates,  3O8 ,  in  alkft- 
loidal  poisnning.  154;  in  mor- 
phin poisoning,  217. 

Permeability  of  blood-corpus- 
cles, 130,  131. 

Permeable  membranes.  531. 

Peronin  (see  Morphtn  gromp. 
197  to  224). 

Pertussis,  bromids  in,  s^ '  • 
bromoform  in,  445;  runitn  in. 
299;  serum,  40c:  s^T.  scill* 
comp..  612;  turpentine.  68& 

Peruvian  bark.  351. 

Petals.  i8. 

Petiolus.  18. 

Petrolatum   album,   molle  and 
spiiisum,  141,  744. 
liquidum,  743. 

Petroleum  emulsion,  756. 

Petroleum  ether  as  solvent,  63. 

Pflugcr  (protoplasm),  1*9. 

Pha?on-tni.  721. 

Phallin,  41  \. 

Pharmaceutic  assaying,  85  Xo 
8q;  incompatibility,  94;  meth- 
ods, 45;  pri:>ccs!^-s,  46. 

Phflrmac<idynamics,  127. 

Pharmacognnsy.  17  tn  S9. 

Pharmacol og>'.  detinitions,  127. 
128;  foundation  of.  150,  ii»- 
trfMiurtitin.  137  to  143, 
methods  of.  128.  131,  objects 
of.  128:  relations  nf.  taH: 
scope  of,  1 37.  value  of,  133  to 

i.u. 

Pharmacopnpia.  30. 

Pharmacnp<Hal  prrparationih 
doses,  84:  strcnjgths.  83. 

Pharmacy,  delinitiun  and  ob- 
jects. 29.  30. 

Phenacetin  (sec  A  niipynik 
gl''"*P.  J55  t"  .i<».s),  constitu- 
tion. 36^:  materia  mcdit^ 
364:  P.  IC — C,  769.0  3  to  le 

Phenazonum.  364. 

Phenocoll,  364. 

Phenol  (see  Carbotic  octtf). 


I 

■ 
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Phenomena  of  dying  tissue,  130. 

Phen^-1-acetamid  (see  A  ntipy- 
relic  group.  355  to  365).  ma- 
teria medica,  364. .  .0.3  to  i.o 

Phenyl -glycuronic  acid,  374. 

Phcnylhydrazin,  constitution, 
365. 

Phenyl-sancylate.  350,  0.3  to  i.o 

Phenyl -sulphuric  acid,  373. 

Phloem,  27. 

Phloridzin,  318, 

Phosgen.  442. 

Phosphates,  547  to  550;  chem- 
istry, 584:  on  circulation,  315; 
local  action  (see  A  Ikalies) . 

Phosphomolybdic  acid  (alka- 
loidal  reagent),  154.  766. 

Phosphoretted  hydrogen,  648. 

Phosphoric  acid  (see  Acidum 
phosphoricum)  in  fever,  581. 

Phosphoric  anhydrid,  584. 

Phosphorus,  169,  645  to  649;  on 
bone,  647;  matches,  648;  ma- 
teria medica,  649;  on  meta- 
bolism, 646,  647;  necrosis  of 
jaw,  648,  649;  tests,  98,  99; 
therapeutic  uses,  649;  toxi- 
cology and  treatment,  648; 
P.  \V.—F,  788,  791;  A/.  796, 
0.0005  to  0.003 

Phosphotungstic  acid.  766. 

Phrenic  nerve,  faradization  of, 
156,  448. 

Phrynin,  412. 

Phr\-nium.  115. 

Phtfiisis  (see  Tuberculosis). 

Physeter,  744. 

Physical  irritants,  698  to  703. 

Physiology,  128;  relation  to 
pharmacology.  132,  133. 

Physostigmin,  293  to  295;  ma- 
tx'ria  medica,  306;  therapeu- 
tics. 299:  P.  W  —C.  765,  768; 
F,  788  to  790,  792;  M,  794, 
801  to  803. 

Physostigminae  salicylas,  306. 
0.0005  *o  0.002 
sulphas,  306. 

Phytolacca  and  phytolacca- 
toxin,  191  to  193;  materia 
medica,  193 1.0 

Picraconitin,  331. 

Picric  acid,  391;  as  alkaloidal 
reagent,  154. 

Picncna,  712. 


Picrotin,    picrotoxin,    picrotox- 

inin   and  group,   190  to   194; 

actions,     191,     192;    materia 

medica,    193:    members,    191; 

therapeutics,  193;  toxicology, 

192:  P.  W.—C,  766,  769;  F, 

788. 

Picrotoxin 0.00 1 

Piles  (see  Hemorrhoids). 
Pills,  79,  80;  coatings,  80. 
Pilocarpidin,     pilocarpin,     and 

pilocarpus,    actions,     270    to 

274;  in  morphin   habit,   214; 

materia    medica.     304,     305; 

therapeutics.  300;  P.  IV. — F, 

790,   792;  M,   775,   795,  801, 

802. 
Pilocarpinas  hydrochloras.  305, 
0.005  ^^  °-^^ 

nitras,  305. 
Pilocarpus,  304...  0.3  to  2.0 
Pilula  (B.V),  80;  pilula;.  79,  80. 
Pilulae '  aloes,  723. 
barbadcnsis,  723, 
et  asafoetidse,  685,  723. 
et  ferri,  624,  723. 
et  mastiches,  723. 
et  myrrhiE,  723. 
socotrinffi,  723. 

aloini   belladonna;  et   strych- 
ninje,  723. 

antimonii  compositae,  611. 

antiperiodicje,  353. 

asafcetid^,  685. 

catharticse  compositae,  724. 
vegetabiles,  724. 

colocynthis  composita,  724. 

ferri,  623. 

ferri  carbonatis,  623. 

ferri  iodidi,  624. 

gambogife  composita,  725. 

hydrargyri,  636. 

ipecacuanha:  cum  scilla,  506. 

opii.  221. 

opii  et  camphorae,  221. 
et  plumbi,  221. 

phosphori,  649. 

plumbi  cum  opio,  222, 

rhei,  721. 

rhei  composita;,  721. 

saponis  composita,  222. 

scammonii  composita,  724. 

scillae  composita,  506. 
Pimenta,  123,  716. 
Pimpinella,  122. 


■  Pilulae  -Pilula,  B.P. 
[B.P..o.25too.5]). 


(The  dose  of  U.S.P.  pills  is  one  to  five 
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156;  by  irritants,  656  to  6tfi 
Ijdiurettcs  in,  512). 

Poisons,    removal    by   diaphor- 
etics. 304. 

Pokt-bcrrics  and    root.    10S   lo 
IM;  materia  tnedica,  193, 

0.3  to  3.0 

Pollen,  18. 

Polygala.  526. 

Polygonatum,  506. 

Polypharmacy.   106. 

Polyporus.  714, 

Pomegranate.  737. 

Poplar  buds,  ui. 

Popular  measures.  34. 

PopuluS.    13  1, 

Porter  (heart) ,  250. 
PoBl-partum   hcmorrha^,    5*0, 

533. 
Potassa  (causlica),  593. 
Potassa  cum  calce,  S9>- 
Potassa  Kulphurata,  665. 
Potassi  '   acetas.   ;S.    c6S.   &M 
(in  uric  calculi,  SQil- 

0.3  to  4.0 
bic&rbonas,  599... 0.6  to  11.0 
bichroioas,  154.  626. 

0.0 1  to  0.03 
bitartras.  550,  £8S, 

4.0  to  15.0 
bromidum,  561 . . .  .0.3  to  4.0 
carbonas.  592 

chlorns,  568 .0.2  to  1.2 

citras,   7'8.   569,  (98  (in  xiric 

calculi,  591) 0.3  to  4.0 

citras  cffen-escens.  569,  59S, 
4.0  to  8.0 
cyanidtun,  471, 

e.003  to  0.015 
et  sodii  tartras,  550, 

4.0  to  15.0 
ferrocyaniduin.  550. 
hypophosphis,  650, 

O-I2   to    13 

iodidum.  564  (on  excretion  o( 
metals,  632)- , .  .  .0.3  to  j.o 

nitras.  565  (aUo  actions  and 
uses). 

pentianKanas.  568.  6a6. 

o.oj  to  O.IX 

sulphas.  5^a. 
tartras  acidus,  550. 

4.0  to  IJ.O 
Potassio- mercuric  iodid,  761. 

I  For  the  action  of  the  potassium  salts  see  the  correqwndmj 

anions. 


Pine  hark.  600. 

Pine  wood,  29  (Fig.  la). 

Pink  root.  738. 

Pint.  33. 

Pinus.  389.  B88. 

Piper  anKUstifoIium.  691. 

cubeba,  691. 
Pipcrnigruin.  u^.  716, 
Piperazin,  fidO;  materia  medica, 

Piperidin.  15a,  309. 

Piperin.  152.  7I«. . .  .0.06  to  0.6 

Pipsisscwa.  38^ a.o    to  S.o 

Piscidia  and  piscidin.  225;  ma- 
teria medica.  227.  .  1.0    to  3.0 

Pistil.  18. 

Pilch.  745. 

Pithing,  779. 

Pits  (botany).  23. 

Pittsburg  water.  507. 

Pituitary-.  310,  ai7. 

Pituri  and  piturin  (see  Nicotin, 
279  to  290). 

Pix  burgundica,  744. 

Pix  liquida.  389 i.o  to  4.0 

Plan  of  study.  156. 

Plantagti,  714. 

riant-pcpsin.  751. 

Plants.  chenustr>'  of.  18:  j^ross 
anatomy,  1 7 ;  histology  of, 
23  to  30, 

Plaster-oi-Paris,  74s. 

Plasters  (sec  Empiaxtrnm) ,  ac- 
tions, 740 ;  materia  medica, 
745;  preparation.  8j. 

Ptalinic  chlorid  as  alkaloidal  re- 
agent. 154. 

Platinum.  639. 

Plenck.  1 74. 

Plumbi  acetas.  645.  .0.03  to  0.3 
carbonas.  645. 

Plummer's  pill,  6ri. 

Pneumonia  (see  Fevers),  anti- 
septics in, 383:  atropin  in, 361 ; 
from  ether,  443;  iodtdsin.564: 
serum  treatment.  400:  oxygen 
in.  463 

Podophyllinum.  724, 

a.008  to  0.03 

Podophyllum.  724    .  -  ,0.3  to  1.2 

Poison  ivy.  oak.  sumach,  697. 

Poisi^iniug.  emetics  in.  327;  fre- 
quency "f.  168;  gt^leral  rules 
for    treatment,    156^    1 54    to 


ANALYTIC    INDEX    AND    DOSE   TABLE. 


88  I 


Potassium,  ion  actions.  553;  in 
beef-teas,  187:  in  epilepsy, 
558:  on  peristalsis,  207:  toxic 
factor  of  urine,  188;  P.  U'. — 
F,  788.  790;  A/,  801.  802. 

Potato,  17;  starch,  20  (Fig.  1). 

Potcntilla,    68r. 

Poultices,  action  and  uses,  701; 
making  of,  83. 

Pound.   33. 

Powders,  77,  78;  coloring  of, 
114;  fineness  of,  47;  specific 
gravity  of,  44. 

Prayer  bean.  413. 

Precipitated  chalk,  570. 

Predigested  foods.  754.  755. 

Pregnancy,  emetics  in.  328; 
modif>nng  the  action  of  drugs, 
140.  141- 

Prepared  chalk.  570. 

Prescription -writing.  103  to  iii; 
general  hints,  103,  104;  gram- 
matic  construction.  108; 
model ,  108;  parts  of  pre- 
scription. 105. 

Preservation  of  pharmaceutic 
liquids,   57. 

Prickly  ash,  192. 

Prince's  pine,  387 ....  3.0  to  8.0 

Prinos,  714, 

Prosenchyma.  24. 

Protamins.  410. 

Proteids,  fever  by,  394;  as  nu- 
trients, 754,  755;  in  plants, 
21. 

Proteolytic  ferments,  750;  for- 
mation by  bacteria,  40a. 

Protocurarin,  275. 

Proto-iodid  of  mercury,  637, 

Protopin  group,  210. 

Protoplasm,  constitution  of, 
129, 

Protoplasmic  poisons,  131. 

Protoveratrin,  3^7  to  340. 

Proximate  principles,  22. 

Prunus  virginiana,  123,  473. 

Pruritus,  hydrocyanic  acid  in, 
473  (antiseptics,  local  anes- 
thetics) . 

Prussic  acid  (see  Hydrocyanic 
acid,  468  to  471). 

Pseudaconitin.  331. 

Pseudostrophanthin,  505. 

Psychic  depression,  atropin  in, 
260. 

Psychic  pain,  morphin  in,  236. 

Pterocarpus,  680, 


Ptomains,  151,  267,  S90. 
Ptomatropin,  250. 
Pulmonaria,  144. 
Pulmonary  edema,  274,  463. 
Pulque,  225. 
Pulsatilla,  694. 
Pulverization    by    intervention, 

47- 
Pulvis    amygdalas    compositus, 

745- 
aromaticus,  716.  .0.6    to  2.00 
cretEB  aromaticus,  570, 

0.5    to  4.00 
cum  opio,  222,  570, 

0.5    to  1.50 
compositus,   570, 

o.^  to  4.00 
effervescens  compositus,  550. 
elaterini  compositus,  725, 

0.06  to  0.25 
glycyirhizse  compositus,  665, 

720 2.0    to  8.00 

ipecacuanhae  et  opii,  333,  335 
(as  diaphoretic,  219), 

0.3  to  1. 00 
jalapae  compositus,  734, 

i.o  to  4.00 
kino  compositus,  222, 

0.3    to  1. 30 
potassii  bromidi  effervescens, 
561  ...  .4.0    to  8.00 
cum  caffeina.  561, 

4.0  to  8.00 
rhei  compositus,  721, 

2.0  to  4.00 
scammonii  compositus,  724, 

0.6  to  1.30 
sodae    tartratae    effervescens, 

550. 
tragacanthze  compositus,  116. 
Pumpkin  seed,  737. 
Punica,  737. 

Pupil,  drugs  on,  254  (Fig.  59). 
Purgatives,  726  (see  Cawartics) . 
Punn  bases,  177. 
Purpura  hEemorrhagica,  533. 
Pus  organisms,  402  to  407,  408. 
Pustulant  and  pustulation,  652. 
Putrefactive  alkaloids  (see  Pto- 
mains) . 
Pyemia,  408. 
Pyoktanin,  391. 
Pyrethrum,  709. 
Pyridin.  152;  P.  W.~C,  769. 
Pyrmont  water,  596,  597. 
Pyrocatechin,  309. 
Pyrogallol      (pyrogalUc     add). 
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destruction    of 


372;  constitution.   J164;   local 
actions,  698:  matcna  loedica. 

»B1,697. 
Pyrophosphoric  acid,  584. 
Pyrotoxin.  395.  396. 
pNToxylon.  69, 

8 HART.   33. 
ua&sia,     713; 
taste,  1 15. 

Qucbrachaimn  and  quebrachin, 

^333. 

QucrcTis,  680. 

Quillaja.  524  to  o2«;  materia 
inedica.  536  ...         ,  i,c  to  2.0 

Quinamicin,  quinamidin,  and 
(^uinaniin.  353. 

Qumci-  sved,  1  17,  745. 

Quinicin,  352, 

Quinidino;  stilphas,  353, 

0.3  to  I  5 

Quinin,  1^2,  153.  342  to  3o3; 
absor]:itron,  ^51.  adminifitni- 
t-'on.  351;  dnchnnisTTi.  346. 
on  circulation.  344:  destruc- 
tion (by  liver.  136;  of  taste, 
115I:  on  digvstiirti.  345:  ex- 
cretion. 351;  on  leucocytes. 
343  (Fig,  63) :  on  malaria.  349; 
materia  medica.  351  to  ^53; 
members.  343 ;  on  metabolism. 
345;  on  muscle,  344,  proto- 
plasmic toxicity.  343;  rt'iation 
to  anti])yrctic  scries,  353;  on 
ti'mpcraiure,  347.  348.  ihrra- 
peulic  uses.  ^50;  P.  IV. — C. 
76J;.  7iiS;F,  792;  .1/.  801. 

Quinma  and  salts,  materia 
medica,  353    ....  .0.06  to  1.5 

Quinine  valerianas,  685. 

0.6    to  i.o 

Qutnoitlin,  35a. 

Quinolin.  i53;constitution.  365; 
P.  \V.—C,  769. 

Radix,  ir 

Ranunculacese    (as    acrid    irri- 
tants), 694. 
Rape  seed.  746. 
Raspberry,  it 6. 
Rational  therapeutics,  149. 
Rats,  resistance  to  poisons,  133. 
Rays,  medullary,  j?. 
Reagents  fur  chemic  exercises, 

76!. 
Receivers,  53,  54. 
Recent  drugs,  73. 
Recovery  from  poison*,  135. 


Rectal  administration,  >37,  I4S. 

alimcniatir.n.  757. 

suppositories.  81  (Fig.  43), 
Red  Rum.  681. 
Roii  pepper,  696, 
Red  phusph<''ru8,  645. 
ReducinK   subsiancrs   in   urine 

caused  by  drugs,  3*4. 
Referred  pain,  706. 
Retillinf;  uf  prescriptions,  106. 
Reflex  siiiniulation.  6S4.  690, 
Reflexcji.  analysts.  805, 
Rofrigpronts.  acids  as.  666. 
RclatKmsof  pharmacology.  uS. 
Ri'mdte  actions.  132. 
Rcmija,  353 
Rennet.  755 
Rt^iiTcolation,  74. 
Resina.  744. 
Resina:  copaibse,  691. 

0.3         to  l.Tff'l 

cubebe,  691  . .  0.3  to  i.io 
jalapa'.  733 .  0.06  to  o  je 
podophylli.  724.0,008100.03 
scammonii,  724,0.06    to  o.jo 

Re^innids.  23;  active.  19a;  ec- 
lectic. 75- 

Resns,  28,  72.  744  (piaster^: 
definition.  »j. 

Resistance,  general,  on  poison- 
ing. 138. 

RcsopsTin  (sce.l  nlipyrftic£r,rtip. 
355  to  362),  materia  medica, 
364 0.3  to  1.0 

Rcsorbin,  744. 

Resorcin.  ftltN;  constitution,  364; 
/'   Vr.— <".  769,  test.  to2 

Respiration,  analx'sis.  808;  artl- 
ticial,  in  poiAonins.  15^.  156 
(P.  W.—M.  7WT.  Chryne- 
Stokes.  201;  drugs  on,  P.  U' 
— .I/.707.  802;  obstructed,  cir- 
culalifin  in,  463. 

Rc5pirat"'r>'  center,  rooTphta 
Krnup  on,  201. 

Respiratory     stimulants.     161, 

164.  174.  »95 

R(:5um6  of  atropin,  pilocaiptn, 
rnuscarin,  etc.,  sencs,  S9S  to 
89S;  action  on  particulif 
organs,  296.  effects  of  modrt- 
atc  doses,  ti)^;  methods  of 
study.  295;  penpheralactioBi. 
3o6 ;  table  ol  actions,  298. 

Retching,  335. 

Retorts,  53,  54  (Fig.  37). 

Rhamnus.  732. 

Rhauny.  680. 
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Rheum,  721 o.  2  to  1 .0 

Rheumatism,  aconite,  336;  col- 
chicum,  341 :  diaphoretics, 
304;  iodids,  563;  iodin.  668; 
salicylates,  372 ;  siUphur 
waters.  596;  thyroid,  316; 
turpentine  group,  686. 

Rhizome.  17. 

Rhubarb,  721:  P.  W.^M.  794. 

Rhus  glabra,  681. 

Rhus- poisoning,  697. 

Rice  starch.  20  (Fig.  r),  117. 

Ricin,  412,  435. 

Ricinus,  719. 

Rickets,  arsenic  in,  605;  lime 
salts  in,  569;  nucleins  m,  317; 
phosphorus  in,  649;  supra- 
renal in,  311;  thyroid  in,  316 

Rider  of  balances,  38. 

Rigor,  signs  of,  180. 

Ringer's  fluid,  552. 

Roasting,  49. 

Rochelle  salt,  550. 

Root,  17. 

Rosa,  120. 

Rose  flavors,  120. 

Rose  geranium,  120. 

Rosin,  ^44. 

Rosmarinus,  120,  687  to  689. 

Rottlera,  738. 

Roundworms,  738. 

Roux-Yersin  serum,  400. 

Roy  and  Adami  (heart),  247. 

Rubber,  744. 

Rubefacient  and  rubefaction, 
651;  turpentine  group,  688. 

Rubia.  ll-t. 

Rubidium,  554. 

Rubus,  681 

Rue.  687,  692. 

Rum  ex,  681. 

Russian  baths,  703. 

Ruta,  692. 

Sabadilla,  337, 

Sabbatia,  714. 

Sabina,  692. 

Saccharin.  118;  P.  PT.— Af,  775. 

Saccharose.  21. 

Saccharum,  117,  118. 

Saccharum  lactis,  118,  610. 

Saffron,  113. 

Sage,  1 30. 

Sago,  20  (Fi^.  i).  117. 

Saint  Germain  tea.  721. 

Sal  alembroth,  638. 

ammoniac,  558. 

volatile,  557. 


Salamandra,  412. 

Salep,  117. 

Salicinum,  379;  materia  medica, 
390 0.3  to  3.0 

Salicylic  acids  and  salicylates, 
371.  373,  379;  as  cholagogue, 
73 1 ;  constitution.  364 ;  ma- 
teria medica;  P.  W. — C, 
770. 

Salicyluric  acid,  374. 

Saline  cathartics,  646  to  551; 
absorbabilityof  ions,  547,  548; 
choice,  549;  individual  salts, 
549.  55°!  manner  of  action, 
542.  547;  materia  medica,  550, 
551;  therapeutics,  548. 

Saline  mineral  watera,'59S. 

Salivation,  261. 

Salol.  112,  379;  constitution, 
364;  materia  medica,  390;  P. 
IV. ^-C,  770 0.3  to  i.o 

Salophen  (see  A  niipyretic  group, 
355  to  365);  constitution,  365: 
materia  medica,  364,  0.3  to  1.0 

Salt,  ^79,  546;  injection  in  poi- 
soning, 138. 

Salt  action,  532  to  546;  on  ab- 
sorption, 540  to  542;  on  cells, 
537.  538;  dissociation,  536, 
^37;  diuresis,  539,  540;  hyper- 
isotonic  solutions,  effect  of, 
544  to  546;  hypoisotonic  solu- 
tions, effects  of,  543  to  544;  on 
lymph  flow,  539;  osmosis,  533 
to  536;  physiologic  phenom- 
ena, 537,  542;  on  serum,  538, 
539:  water,  542  to  544;  P.  W. 
— ii/,  798,  799,  801,  802. 

Saltpeter.  379. 

Salts  in  cells,  32. 

Salts,  granular  effervescent,  78. 

Salts  necessary  to  plants  and 
animals.  553. 

Salts,  neutral,  local  irritation, 
661 ;  toxicity  of,  565,  566. 

Salves,  141,  744. 

Salvia.  1 30. 

Sambucus,  120. 

Sanguinaria  and  sanguinarin, 
209,  310;  on  cough,  319;  ma- 
teria medica,  233. 

Santalum.  691. 

Santonica,  738 i.o    to  4.0 

Santoninum,  738;  P.  W. — -C, 
769 0.06  to  0.3 

Sapo.  593. 

Saponana,  536 3.0    to  4.0 

Saponin  groups,  524  to  526;  as 
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cmulsifiera.  77;  P.  W.~C, 
IH.F,  7*)0 

Sapotoxin  group.  6S4  to  fiS6. 

Saratoga  waters.  595,  596. 

Sarcin,  183,  187. 

Sarracenia.  714. 

Sarsx  radix,  526  ...  -3.0  to  6.0 

SarsapariUa.  536 30  to  6.0 

Sassafras.  17.  i}},  687.  68»,  71b. 

Sassafras  medulla,  746. 

Snssy  bark,  506. 

Saturated  solution,  55. 

Savin,  687.  Illtt. 

S.-ixifraga.  714. 

Scab.  651. 

Scammonia,  724 0.3  lo  1,0 

Scarification.  700. 

Scarlatina.  403  to  406.  407,  408. 

Schema  of  solutions  and  ex- 
tracts. 63. 

Schleich's   infiltration    method. 

Schnapps,  435. 

Sciatic  ner\'e,  isolation  of,  7R6. 

SciUa  and  scillain  (sec   Oigilalis 

froHp,  481  to  506),  481.  504 
Fig,  i,  p    34);  materia  med- 
ica.  506- 
Scleroids,  a6  (Fig.  8). 
Sclerotinic  acid,  51a. 
Scoparin    and     scoparius.     iQa. 
3Qg.     &n ;     materia    medica. 

Scopanus i.o  to  4,0 

Scope  of  jiharmacolt»g>',  ijj. 

Scopolamin  (see  Hyiyscm  and 
atropin  group.  250  to  a66). 

Scorpion- bite.  413. 

Rcrnphularia,  714. 

Scruple,  33. 

Scurvy.  jSq. 

Scutellaria.  714. 

Sea-sickness,  bromids  .in,  560; 
str>'chnin  in,  174. 

Sea- water,  baths,  661;  composi- 
tion, 595. 

Sccale,  530. 

Secalin.  513. 

Secalintoxin.  $\3. 

Secondary  tetanus  (morphin), 
198  to  J03. 

Secreting  spaces.  a8,  39. 

Seed  (botany).  18. 

Seed-emulskins.  76. 

Seeds,  oity,  745. 

Seidlitz  powders.  550. 
water,  596. 

Selective  action  (see  Action) ,  150. 


Selenium,  6to. 

Sflters  water,  596. 

Semccarpus,  697. 

Semen  (totanyl.  tS. 

Semipenncable  membranes,  533 
to  536. 

Senega.  534  to  526 :  matcna 
medica.  526  .....    0.5  to     1.5 

Senna.  720 ■  5.0  to  15.0 

Sepals,  tS. 

Separation,  processes,  48;  by 
means  of  heat,  schema,  4S, 

Septicemia,  40K. 

Serpcntaria,  713. 

Serum,  antitoxic,  397  to  401  on 
corpuscles.  396,  397;  protec* 
tion  against  poisons,  139. 

Setons,  699. 

Sevum.  743. 

Sex  on  action  of  dnigs,  140. 

Sexual  glands,  internal  secre- 
tion. 319.  330. 

Shock.  174.  196;  alcohol  in,  427, 
438;  ergot  in.  520.  faial,  442; 
strj'chnin  in.  [64.  174. 

* '  Shotgun '  ■    prescriptions.    1 06, 

145 

Sialogogues.  300.  515. 

Side-chain  theory,  398. 

Sieve-tulK-s.  27. 

Signature  in  prescriptions.  105. 

Signatures,  doctrine  of,  144. 

Sliver,  general  action  and  ma- 
teria medica.  144.  628.  629; 
local  actions,  670  to  683  (see 
Mi-iais)  (fever  by.  395) ;  stains. 

659- 

Simaniba,  714. 

Simple  bitters.  712, 

Simple  solutions,  5^. 

Simplicity  m  prescnbing.  106. 

Sinalbin,  693. 

Sinapis.  603. 

Sinapism,  693, 

Sinigrin.  693, 

Skin,  absorption  of  water  and 
oily  sulutums.  137.  141. 

Skin. administration  by.  137. 141. 

Skin,  antiseptics  for.  384. 

Skin  diseases.  747  Lo  749  (eti- 
ology and  treatment)  arsenic. 
(Soft;  diaphoretics,  304;  para- 
sites. 708.  709:  thitkmmj 
(alkalies  and  sulphur} ,  M,t  to 
664:  th\Toid.  316. 

Skin  eruptions  from  antipy* 
retics.  358;  from  serums.  3« 
(see  BromistH  and  iodism). 
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Skin,    irritants    and    corrosives 

on,  651  to  653,  656;  classifica- 

tion    and    therapeutic    uses, 

703;  volatile  oils  on,  686. 
Skoda,  146. 
Skunk  cabbage.  686. 
Slijjpery  elm.  116,  746, 
Smilacina,  506. 
Smilax.  526, 

Smallpox  vaccine  and  vims,  400. 
Smoking  opium,   210;   tobacco, 

285  to  289. 
Smut,  521. 
Snake- bite    and    venoms,     133, 

410   to  412;   treatment,  412; 

by     alcohol,     427,     428:     by 

strychnin,      174;    by    serum, 

400. 
Snakeroot,  713. 
Sneezing,  substances  producing, 

684. 
Snuff,  684. 
Soap.  593. 
Soap  bark.  526. 
Soap-wort,  5^6. 
Socrates     (conium     poisoning) , 

291. 
Soda,  392. 
Soda  tartrata,  550. 
Sodii  *  acetas,  &68,  592, 

0.3      to    4.0 

arsenas,  610.  .0.001  to    0.006 

benzoas,  390  .0.3      to     i.o 

bicarbonas.  592. 

0.6       to    4.0 

bisulphis.  665. 

boras,  575|  592. 

0,3      to    2.0 

bromidum,  561, 

0,3      to    4.0 

carbonas,  592,  0.3      to     1.3 

chloridum.  546  (on  peristalsis, 
207). 

citrotartras  effer\'cscens.  551, 
4.0      to  15.0 

fluoridum.  574. 

hypophosphis.  650, 

0.12       to     1.2 

hyposulphis,  665. 

iociidum.  564, 0,3      to     4.0 

nitris,  480  ..  .o.i       to     0.3 

phosphas,  550, 

4.0      to  30.0 
effervescens.  551, 

4.0      to  30.0 

salicylas,  390. 0.3      to     2.0 


Sodii  silicas,  745. 

sulphas,  550,  4.0      to  30.00 
effervescens,  551, 

4.0      to  30.00 

sulphis.  665, 

sulphocarbolas,  388. 

0.3      to     3. 00 

telluras,  610.  .0.016  to     0.05 

valerianas,  685, 

0.6      to     1. 00 
Sodium  ion,  552,  553. 
Solanin,  139,  152,  397. 
Solid  solution,  541. 
Solids,  method  for  specific  grav- 
„  ity,  43- 

Solomon  s  seal,  506. 
Solubilities,  94  to  97;  of  alka- 
loids and  aikaloidal  salts,  153; 

table,  96. 
Soluble  substances  in  cells,  ai. 
Solution.  54  to  56. 
Solution  of  potassium  iodid.  565. 
Solutions,   alcoholic.   68   to   74; 

schema,  63;  watery,  64. 
Solutions    (see    Ltguores,  65   to 

67). 
Solvents  used  in  pharmacy,  63. 
Somali  poison,  481. 
Somnal,  453. 
Somnifacients,  455. 
Soot,   114. 
Soporifics.  455, 
Soups,  stimulant  effects,  187. 
Soxhlet  extractor.  59  (Fig.  41). 
Spa  water,  596,  597. 
Spagirists,  144, 
Spanish  flies,  695. 
Spartein,   292;  materia  medica, 

306;  therapeutics.  299. 
Sparteine  sulphas,  306, 

0.006  to    0.12 
Spearmint,  122. 
Species,  18. 
Species  laxantes,  721, 

4.0      to  15.00 
Species    pectorales,     125,     530, 

746    15.00 

Specific  gravity,  41   to  45;  ex- 
amples, 45. 
Specific  volume,  45. 
Spectroscopic  changes  in  blood, 

470  (Fig.  71). 
Sperm-whale,  744. 
Spermaceti,  744. 
Spermin.  319. 
Sphacelinic  acid,  512,  513. 


'  For  action  see  the  acid  ions. 
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Sphacelotoxin  (sec  liTgal  group, 

512  to  521). 
Spider  poison.  41a- 
Spigela,  73S  3.0  to  8.0 

Spinal  centers,   therapeutic  hc- 

tion  of  sto'chnin  on.  173. 
Spinal      tneiitngiti&.      diagnosis 

from  other  tetanus.  J71. 
Spines  (botany),  25. 
Spirica.  1  JO. 
Spiral  cells.  34  (Fig,  a). 
Spirits  of  turpentine,  688. 
Spinlus.'  (W. 

acidi  formici.  586. 
aetheris.  4^0    .  . . .  i.o    to    4.0 
compositus.  450, 

1.0    to    4  o 
nitrosi,    480     (sec    Xiirite 
grotif>,  474  to  481);  prep- 
aration, 68.  .  1.0    to    4.0 
ammoniw,  558. 

aroinatieus,  fi&8,  592, 

2.0     to     8.0 

foctidus,  6S5 ...  3.0    to    4.0 

amygdalie  ainara;,    124.  474, 

0.3    to    3  o 

anisi.  124  ..... .0.3    to    0.6 

aromaticus.  600. 

aunintii.  124  .  .    .0.3    to    0.6 

conipo£itus.  124. 

0.3  to  0.6 
camphone.  467  i.o  to  40 
cardamomi  conipositus,  124. 

0,3     to     D.6 
chloroformi,  450,  2.0    to    4.0 
cinnaincnni,  124.  .0.3     to    0.6 
diltitus.  435- 
formicarum.  586, 
frumenti.  436. 

gaultheria*.  124  .  .0.3  to  0,6 
glonoini,  4S0  ,  .  .  .0.05  to  o.a 
junipcri,  6g2  ....2.0    to    4,0 

compoaiixis.  437.  692, 

to  15.0 
lavandulflp.  124     0.3    to    0.6 

compositus.  6qo. 

limonis.  124 0.3    to    0.6 

menth:c  piperita,   124. 

0.3    to    0.6 

vtridis.  124.... 0.3  to  0.6 
mindereri,  558...  2.0  to  30,0 
myrcice.  124  ....  2.0  to  30  o 
myristica?,  124.  .2.0  to  30.0 
nitroglycerini,  4S0. 

0.05  to  o.» 
phosphori.  647.. 0.$    to    2.5 


Spiritus  rectilicatissimtu,  435. 

rm-tificatuK,  435. 

saponatuB.  707, 

sinajiis,  693. 

vini  pallid.  4^6. 
Spleen. internal  secretion(?J,  317. 
Splenic  enlargement,  quinin  in. 

380 
Spotted  hemlock.  35. 
Sprains.  686. 

Sputa,  disinfection  of.  379. 
Squills,  506. 

Squirting  cucumber,  725. 
Stains  from  poisons,  659. 
Stamen.  t8. 
Standardization  (see  Auaying), 

30;  physiologic.  13;, 
Staphisagria  (see  Acottitr  grimp. 

330  to  337),  materia  medica, 

337:  against  pediculi,  336. 
Staphylococcus  infection.  403. 
Star  aniM;.  122.  717. 
Starch.  7S8  (Fig.   i.  p    20),  19; 

materia  mcdica,  116.  1J7, 
Stavesjifte,  337. 
Steam  baths.  702. 
Stearic  actd.  744. 
Stem.  17. 

Stcmutatnrics,  684. 
Stewart.  V  C   (on  alcohol).  43] 

(Fig.  60K 
Stewart,  G.  N.  (on  heart).  >4T. 
Stigma,  18, 

Stimulation  < 

Stipes.  17. 

Staerck.  330. 

Stolnikow  (heart),  249. 

St<imach.  administration  by, 
137.  141;  evacuaiton  of,  15;- 
imtalion  by  drugs.  14J.  657; 
on  poisons,  137;  poison  d** 
stniction  by.  135;  pump  an4 
tube.   155. 

Stomachics',  ?(H)  to  712;  matcna 
medica,  712  to  717. 

Stomata  (botany).  2S. 

Stone  (see  CaJculCi. 

Stone  cells.  33  (Fig.  4.  p.  14). 

Storage  s>-stem  (botany!.  27. 

Storax.  6«o. 

Straininj;  (pharmacy^,  60. 

Strammonium  (sc*  ^(r>';'i»i 
gf^'up.  250  to  266),  tnat^fia 
mcdica.  26*;    ,  .       0.06  to  2  9 

Strength  of  liquors,  67,  of  local 


^'^^K  ;S.p  .53)- 
tion  (definition),  130. 


'For  action  and  uses  sec  under  the  ingredients. 
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astringent  and  antiseptic  ap- 
plications, 682;  of  pharmaco- 
prcialpreparations,TableV.83. 

Streptococcus  infection,  399, 
402.  407;  in  malignant  tu- 
mors, 403;  serum,  401. 

Strontii  broraidum,  561, 

0,3  to  4.0 

iodidum,  564 0.3  to  4.0 

lactas,  573 i.o  to  4.0 

Strontium  ion,  572. 

Strophanthin,  pseudostrophan- 
thm.  and  strophanthus  (see 
Digitalis  group,  481  to  506), 
310,  481,  497,  498.  501;  ma- 
teria medica,  505;  P.  \V. — F, 
793:  A/. 794. 800. 

Strychnin  and  group,  157  to  176, 
129,  130,  133,  134.  136,  152. 
153,  178,  207;  absorption, 
166 ;  on  alimentary  canal,  166 ; 
age  on,  172;  artificial  respira- 
tion on,  162;  asphyxia  by, 
161,  162;  on  bladder,  r6i;  on 
brain,  166 ;  on  circulation. 
162  to  165, 174;  coniin  against, 
299;  on  consciousness,  166; 
cry,  161;  curare  action,  275, 
277;  death  by.  165.  171;  de- 
struction. 167;  differential  di- 
agnosis, 171;  excretion.  166; 
fatal  dose.  173;  fate.  167;  on 
ganglia.  166;  on  heart  and 
heart  disease,  165;  on  lower 
animals,  166;  materia  medica, 
175.  176;  on  medulla,  162  to 
165,  174;  members,  157;  on 
muscle,  166;  on  muscular 
tone.  161:  oxidation  in  body, 
135;  oxygen  on.  162;  para- 
lytic effects,  165;  in  paralysis, 
173;  postmortem,  171;  on 
relation  to  other  groups,  i6g; 
respiratory  center,  164,  174; 
retention,  167;  safe  limit,  174; 
on  sensory  cells,  166;  on 
special  senses,  166;  on  spinal 
cord.  157  to  160;  summary  of 
actions,  157;  temperature  on, 
167:  tetanus,  157  to  160; 
therapeutic  uses.  175.  1 76 : 
as  tonic,  173;  toxicity  for 
different  animals.  174;  toxi- 
cology, 168  to  173;  treatment 
of  strychnin-poisoning,  172; 
on  vision,  166,  175;  P.  W. — 
C.  76s.  766;  F.  778;  M,  775. 
794,  800,  801. 


Strychnina,  176.  .0.001  to  0.005 

Strychninie  acetas,  176, 

0.001  to  0.005 
sulphas,  1 76 . .  .  o.ooi  to  0.005 

Style,  18. 

Styptic  cotton,  679. 

Styptics,  local,  677,  678. 

Styptics,  systemic,  523,  523; 
morphin-as.  219. 

Styrax,  lai.  689. 

Subcutaneous  injection  (see  Hy- 
podermic). 

Suberin,  23. 

Sublimation.  52  (Fig.  34,  p.  51). 

Subtoxic  doses,  136. 

Succi,  72. 

Succus  belladonme,  265, 

0.3  to    1.0 

conii.  305 2.0 

e  testibus,  320 15.0 

hvoscyami,  266  . ,  .0.1  to    0.3 
Phytolacca  fructus,  193  ...  2.0 

scoparii,  305 4.0  to    8.0 

taraxaci,   713 4.0  to    8.0 

Sudorifics  (see  Diaphoretics,  301 
10304). 

Suet,  743. 

Sugar,  3  79 ;  materia  medica, 
117;  in  plants,  2 1 ;  on  wounds, 
678. 

Sugar  of  lead,  645. 

Suggestive  therapeutics,  146. 

Suicidal  poisoning,  169. 

Sulfonal,  454;  materia  medica, 
455 0.6  to  2.0 

Sulphates,  action,  130,  547  to 
530;  in  carbolic  poisoning, 
176,  371;  materia  medica, 
550;  on  urine,  540;  P.  W. — 
M,  798,  801. 

Sulphocarbolates.  371. 

Sulphocyanids,  469,  471,  472. 

Sulphur,  sulphids,  and  sul- 
phureted  hydrogen,  379,  663 
to  665;  P.  W.—M,  794. 

Sulphur  dioxid.  585. 

lotum  and  precipitatum,  665, 
1.0  to  4.0 
sublimatum,  664. . .  i.o  to  4.0 
waters.  596. 

Sulphuric  acid,  (see  Acid), 

Sulphuric  ether  (see  Etker). 

Sulphuris  iodidum,  668. 

Sumach.  681. 

Sumatra  camphor,  464  to  468; 
materia  medica,  468, 

0.3  to  1.3 

Sumbul,  685 0.2  to  0.6 
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Summation  of  efifectB,  139. 
Sun-baths  and  sunlight.  701. 
Supefsaturated  solutions,  45. 
Suppositoria  ^    addi    carbolici, 
388. 

acidi  tannici,  678. 

belladomue,  265. 

^ycerini,  81,  789. 

lodofonni.  38a. 

morphine,  333. 

plumbi  caibonatis.  645. 

plumbi  composita,  aaa. 
Suppositories,  80  to  88  (Fig.  43, 

p.  81);  capsules,  81. 
Suprarenals,  t08  to  Sll ;  actions, 

308,   309;  with  cocain,   336; 

constituents.    310;    excision, 

310;   function,   311;   materia 

medica,   ^11;  relations,   309; 

therapeutics,  311;  f.  W. — M, 

799,  801,  803. 
Suprarenin  (see  above),  3x0. 
Surface  evaporation,  51. 
Susceptibility,  133  to  141. 
Sweating  (see  D*apkoriUcs  and 

Night-sweats) . 
Sweating  feet,  918. 
Sweating  in  diabetes.  118. 
Swedish  movement,  699. 
Sweet  almond,  745. 

cicely,  12a. 

flag,  714. 

oil.  743- 

spirit  of  niter,  480. 

Springs  water,  596. 

substances,  117  to  119. 

tincture  of  rhubarb. 
Swertia,  712. 

Symplocarpus,  686  .  .  .0.3  to  i.o 
Symptomatic  treatment,  149. 
Symptoms,  complexity  of,  130, 

«   '-S'-  .    . 

Syner^stic  action,  140. 

Syphilis,  409;  iodids  in,  561  to 

563;    iodin  in,  668;    mercury 

m.  635;  other  drugs  in,  635. 
Syrupi,  71,  75, 
Syrupus  *  acacise.  1 16,  746. 

acidi  citrici,  125,  126. 

acidi  hydriodici,  56fi,  582. 

alth£e»,  746. 

alth^ae,  116. 

amygdalse,   126. 

aromaticus,  126. 

aurantii,  126. 


Synivus  aurantii  flomm.  ia6. 
cateii  et  sodii  h3rpophosph»- 

tis,  650. 

hypophosphituB.  650. 

lactoplio^hatis,  571. 
calcis,  571. 
chloral,  454. 
cinnamomi,  za6. 
codeinie,  933. 
coffese,  126,  189. 
doveris,  33a. 

eriodictyi  aromaticus,  94  z- 
ferri  et  mangani  iodiffi,  6a6. 

iodidi,  634. 

phosphatis,  644. 

cum  quininae  et  strrch- 
nime  pho^hatum,  17€, 

.  353.  024-  .    . 

'  qummsB  et  strycbnmc 
phosphatis,  170,  353, 
035. 

flycyrrbize,  119,  136. 
emidesmi,  $36. 
hypoph<spbitum,  650. 

composttus,  6«o. 

cum  ferro,  984, 650. 
ipecacuanhse,  334. 

et  opii.  333. 
lactucarii,  337. 
Umonis,  ia6. 

morphine  compo^tus,  393. 
phosphatum  compositus,  584. 
pici  liquids,  126. 
pini  strobi  compositus,  530. 
pruni  virginianae,  126,  4^. 
rhei,  722. 

aromaticus,  731. 
rosx,  126. 
rubi,  681. 
rubi  idxi,  113,  126. 
sacchari,  117. 
sanguinarise,  334. 
sarsaparillse  compositus,  126, 

62d. 
scillae,  506. 

scilUe  composittts,  fi29(  613. 
senegas,  526, 
sennae,  720. 
simplex,  117. 
tolutanus,  126,  690. 
tragacanthae  composittis, 

746. 
zingiberis.  126. 
Systemic  action.  132. 
Systolic  standstill,  345, 


^  The  dose  of  suppositoria  is  one  to  two. 
'  The  dose  of  syrups  is  3.0  to  8.0  c.c. 
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Tabacuh,  materia  medica,  289; 
preparation,  305 0.5 

Tabellae  trinitrini,  481. 

Table  of  equivalents  of  weights 
and  measures,  35. 
of  incompatibilities  and  solu- 
bilities. 91  to  97. 

Tablespoon,  34. 

Tablets,  compressed,  and  tri- 
turates, 80. 

Tanacetum.  692  . . . .  i.o  to    4.0 

Tannacol.  tannal,  and  tannal- 
bin,  678 1.0  to  15.0 

Tannin.  21,  115.  673  to  683  (see 
Astrmgents);  as  alkaloid  re- 
agents and  antidotes,  154;  in 
coffee,  185,  186;  in  wines,  430; 
P.  W.—C.  770. 

Tansy,  687,  692. 

Tapeworm,  735  to  739,  737. 

Tapioca,  117  (Fig.  i,  p.  20). 

Tar,  389;  in  tuberculosis,  683. 

Taraxacum,  713. 

Tartar  emetic,  611;  P.  W. — M, 

794.  798- 

Tartarus  stibiatus,  611. 

Tartrate  ion.  547  to  550. 

Taste,  disguising  of,  113  (see 
Flavors) ;  drugs  paralyzing, 
115.  241. 

Tasteless  cod-liver  oil,  756. 

Tea  (see  Cafjcin  group),  materia 
medica,  i8g:  in  poisoning,  137. 

Teacup  and  teaspoon,  34. 

Tellunum,  610. 

Temperature  on  action  of  drugs, 
141;  as  counterirritant,  700, 
701;  drugs  on,  347;  on  macera- 
tion, 56;  rules  for  conversion, 
34;  on  solution,  55;  unitsof,34. 

Terebcne  in  tuberculosis,  383. 

Terebinthina.  688. 

Terpini  hydras,  687,  68S.  690, 

0.1  to  2.0 

Testes  siccata,  330 i.o 

Testicular  extract.  319. 

Tests  (see  under  Subslances). 

Tetanus  (sec  Convulsions),  bro- 
mids  in,  360:  coniin  in,  299; 
curare  in.  279;  morphin,  219; 

physostigmin  in,  299. 
diagnosis,    171;   location,    i^S 
to  160;  fatality,  165;  strycn- 
nin,  157  to  162. 
toxin,  I  ?o,  135,  138,  157,  167 
to  169. 


Tetanus  antitoxin,  400. 

Tetrahydronaphtylamin,  394. 

Tetraiodopyrrol,  382. 

Tetraiodphenolphthalein,  382. 

Tetronal,  454,  455 ....  1.0  to  2.0 

Thalleioquin  reaction,  P.  W. — 
C,  768. 

Thallin,  365. 

Thea,  189. 

Thebaicum,  221. 

Thebain  (see  Strychnin  group), 
157,  167,  209. 

Thein,  176. 

Theobroma,  743. 

Theobromin  (see  Caffein  group) , 
176,  183,  1 84 ;  materia  medica, 
189;  P.  W.—M.  Soi. 

Theobrominae  sodio-salicylas, 
189 1.0  to  a.o 

Theophyllin,  176. 

Therapeutic  incompatibility,  94. 

Therapeutics  (see  Treatment) , 
definition,  138;  history,  143  to 
146. 

Thermo-regulating  center,  356. 

Thermo- regulator  (pharmacy) , 
50  (Fig.  31). 

Thiol,  663 ;  materia  medica, 
665. 

Thiosinamin,  384,  694. 

Thomapple,  265. 

Thread-worms.  739. 

Thus  Americanum,  688. 

Thymol,  122,  464  to  468,  687; 
constitution,  364;  materia 
medica,  468 0.05  to  1.0 

Thymus,  122,  317,  468. 

Thyreoglobulin,  315. 

Thyroid,  312  to  316;  active 
principles,  315;  atropin  in 
poisoning,  263;  in  Basedow's 
disease,  314;  continued  ad- 
ministration, 314;  differences 
in  animals,  312;  excision,  312; 
feeding.  313;  functions,  314; 
injection,  313;  materia  med- 
ica, 316;  on  metabolism,  314; 
on  poisons,  136;  relations, 
315;  therapeutics,  316. 

Thyroidum  siccum,  316, 

0.3  to  0.6 

Thyroiodin,  315. 

Tiennas,  275. 

Tilia,  1 30. 

Tin,  629. 

Tinctura'  aconiti,  337. 


*  For  action  see  main  ingredient. 
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0.3 
l.o 

40 


Tinctura  acoxiiti, 

rU.S.P.,    0.03  to 
\     B.P.,    0.3    to 

aloes.  73a ].o    to 

composita,  723. 
etmyrrlue,  722,4.0    to  lo.o 

amam,  71^ 4.0    to    8.0 

antiperiodica,  353 0.3 

amicse,  689. 
flonim,  689. 
radicis,  689. 
aromatica,  125,  9>90, 

i.o    to 
asafcetidse,  6S5,.  .2.0    to 
aurantii,  124  .. .   z.o    to 
anuui,  124.  714, 

I.o    to 

dulcis,  124 1.0    to 

belladoniue,  265,  0.3    to 
foliorum,  264,    0.3    to 
benzoin! ,  134,  li89, 
1.0 
composita,  689. 

2.0 
bryoniae,  725  ...  8.0 

buchu,  692 2.0 

calumbae,  713  . .  ^.o 
camphone  composita,  322 
3.0    to 
cannabis  indicae,  237, 

1.0  to 
cantharidis,  695,  0.05  to 
capsici,  696  ....  0.3  to 
capsici  et  myrrhje,  715, 

0.6    to 
cardamomi.  716,    1.0    to 
composita,  134,  716, 

1.0  to 
cascarillae,  713..  2.0  to 
catechu  composita,  680, 

3.0      to 

chirata,  713. .. .  2.0  to 
chloroformi  et  morphinje  com- 
posita. 334...  0.3  to  1.0 
cimicifugae,  713.  2.0  to  8.0 
cinchonse,  352  . .  3.0  to  8.0 
composita,  353, 

3.0 
cinnamomi,  134, 


40 
4.0 
40 

4.0 
4.0 
1.0 
3.0 


to     4-0 

to  4.0 
to  15.0 
to  4.0 
to  15.0 


8.0 

3.0 

1.0 
4.0 

3.0 
8.0 

4.0 
4.0 

8.0 
8.0 


colchici.  342. 
seminis,  342. 

conii,  305 

croci.  1 14. 
cubebffi.  691.  .  . 
curcumse.  113. 
digitalis,  505  .  . 


716, 

1.0 

0.5 
3.0 


to    8.0 

to    4.0 


to 
to 


0.2 

4.0 


3.0      to   13. 0 

0.3    to    1.5 


Tinctura  ergotseanunoniata, 

2.0  to 
erythrophlei,  506, 

O.J  to 
ferri  chloridi.  624, 

0.3  to 
perchloridi,  625, 

0.3  to 

galls,  680 4-0  to 

gelsemii,  305  ...   2.0  to 
gentiansB  composita,  124. 

I.o  to 

guaiad,  692 a.o  to 

ammoniata,  693, 

a.o  to 

humuU,  237 8.0  to 

hydrastis,  228  . .   8.0  to 

hyoscyami,  265.   1.0  to 

ignatiae,  175 0.3  to 

iodi,  668 0.06  to 

ipecacuanlue  et  opii,  223, 

0.3  to 

jaborandi,  305..   a.o  to 

lalapee,  734 2.0  to 

kino,  680 1.0  to 

kramerite,  680  . ,   2.0  to 

lactucarii,  337..    1.0  to 
lavanduUe     composita, 

600 1.0  to 

lobeliae,  305  ....  0.3  to 

aetherea,  305  .   0.3  to 

lupuli,  237 8.0  to 

lupulinx,  337  .  .  .   4.0  to 

matico,  691  ....  15.0  to 

moschi,  121,  124.   1.0  to 
myrrhx,  134,  686,  689, 

1.0  to 
nucis  vomicae,  175, 

0.3  to 

„«;;      ,    iU.S.P..o.2  to 

Opil,323|3p  ^^  ^^ 

ammoniata,  232, 

2.0  to 
camphorata,  333, 

4.0  to 

deodorata,  222.  0.2  to 
persionis,  113. 

composita,   113. 
physostigmatis,  306, 

0.6  to 
pruni  virginianae,  473, 

3.0  to 

quassiae,  713.  ...    3.0  to 

quillajae,  536  ...    2.0  to 

rhei,  731 3.0  to 

aromatica.   731, 

•  40  to 


40 

0.6 

3.0 

1.0 

8.0 

40 

718, 

4.0 
40 

4.0 

30.0 

ao.o 

4-0 

o-S 

0-3 

325. 

1.2 

40 

40 

8.0 

30 
a.o 

124. 

40 
3.0 
3.0 

30.0 

50.0 
40 

40 

1.3 
1.2 
3.0 

4-0 

8.0 
1.3 


3.0 

40 

8.0 

g.o 

150 

13.0 
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Tinctura  rhei  composita,  721. 

4.0    to  12.0 
dulcis,  721  ...15.0    1030.0 

sangxiinariae,  234, 

i.o    to    2.0 

saponis  viridis,  707. 

sciUae,  506 0.3    to    2.0 

senegse,  536  ....    3.0    to.  4.0 

sennx  composita,  721, 

2.0    to    4.0 

serpentarije,  713,  2.0    to    8.0 

strammonii,  265,  0.3    to     1.3 

strophanthi,  505,  0.3    to    0.6 

sumbul,  685. . . .    4.0    to  15.0 

tolutana,  134,  680* 

1.0    to    4.0 

valerianjB,  685 . .    2.0    to    8.0 
ammoniata,  685, 

2.0    to    8.0 

vanillfe,  124....    i.o    to    4.0 

veratri  viridis,  340, 

0.1    to    0.5 

zingiberis,  124.  716, 

1.0    to    2.0 
Tinctures,  70,  72,  73;  ammoni- 

ated,    73;    detannated,     711; 

ethereal,  73;  recent  herbs,  72; 

strength,  73. 
Tissues,  vegetable,  24. 
Toad-poison,   412. 
Tobacco    (see    Nicotin,    379    to 

290) ,    materia    medica,    389 ; 

smoking,  388,  289. 
Tolerance,  138,  134  to  140. 
Tolu.  690. 

Toluifera,  131,  689,  690. 
Toluol,  364. 
Ton,  33. 
Tone,    muscular,   strychnin   on, 

i6r,  173. 
Tongue,  coatmgs,  654. 
Tonic,  climate  as,  598;  strych- 
nin as,  173. 
Tonics,   758. 
Tonic  spasms,  157. 
Tonka,  121, 
Torrefaction,  49. 
Torsion  balance,  38. 
Toxalbumins,  167,  396. 
Toxemia,  408;  diuretics  in,  511. 
Toxic  action.  133. 

doses,  134,  135. 

gases  (see  Gases). 
Toxicity  of  urine  (see  Urine). 
Toxicodendrol,  694,  697. 

'  Trochisci  =  Troschiscus,  B.P. 
fourj 


Toxicology,  definition,  isS. 

Toxin-tetanus  (see  Tetanus). 

Toxins,  129,  167,  395,  397;  de- 
struction by  ferments,  136; 
vegetable,  412. 

Toxiresin,  igi,  483  to  485. 

Trachea,  isolation  of,  783. 

Tracheids  (botany),  27. 

Tracings,  779;  blood-pressure, 
786  (Fig.  95) ;  muscle,  78 1 ; 
respiration,  783  (Figs.  91  and 
92). 

Tragacanth,  746;  materia  med- 
ica, 116. 

Traube-Hering  curves,  301. 

Treatment  of  disease  (empiric, 
expectant,  rational,  symp- 
tomatic), 148. 

Treatment  of  poisoning,  154. 

Tremor  mercurialis,  633. 

Trichloraldehyd,  451. 

Trichoma ta   (botany),   35    (Fig. 

Tnchophyton,   709. 
Trifolium,  120. 
Trigonella,   132. 
Trimethylxanthin,  176. 
Trinitrin  (see  Nitrite  group,  474 

to  481),  materia  medica,  481, 
0.0006  to  o.ooi 
Trinitrophenol,   39 1 . 

Trional  454,  455 1.0  to  3.0 

Triosteum,   323. 
Triticum,  117. 
Triturates,  80. 
Trituratio  elaterini,  725, 

0.03  to  0.06 
Trituration  (pharmacy),  47, 
Triturations,  78. 
Troches,  80. 
Trochisci,  80. 

Trochisci '  acidi  benzoici,  390. 
carbolici,  388. 
tannici.  678. 

ammonii  chloridi,  558. 

catechu,  680. 

creta;,  570. 

cubebse,  530,  691. 

eucalypti  gummi,  681. 

ferri  roducti,  623. 

guaiaci,  693. 

ipecacuanhEC.  325. 

krameriae,  680. 

krameriae  et  cocainae,  240. 

morphinae,   333. 

(The  dose  of  troches  is  one  to 
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Trochisci  morohine  et    ipeca^ 
cuantue,  AZj  395. 
potassi  chloratis,  568. 
santonini,  718. 

Tropa-cocain,  334. 

Tropeins,  tropic  acid,  and 
tropin,  350. 

Trypsin,  750. 

Tscnitowitch  (heart),  349. 

Tuber,  ly. 

Tuberculin,  409. 

Tuberculosis,  toxic  condition, 
403  to  406,  408,  409;  metab- 
olism. 393. 

Tuberculosis,  treatment,  anti- 
septics, 383 ;  arsenic,  609 ; 
camphor,  467;  climate,  598; 
emetics,  338;  hetol,  383;  hy- 
drocyanic acid,  473;  hypo- 
phosphites,  650;  ic»in,  668; 
morphin  group,  31^;  strych- 
nin, 173;  turpentine,  383, 
•87. 

Tubes  (botany),  aS;  sieve,  37. 

Tubocurarin,   375. 

Tumbler,  34. 

Tumors,  streptococci,  403. 

Tunbridee  water,  597. 

Turkish  Daths,  703. 

Turmeric,  113. 

Turpentine,  686,  687,  690;  ma- 
teria medica,  688. 

Turpentine  group,  383.  433,  464. 
ew  to  692  (see  Volatile  oils). 

Turpeth  mineral,  638, 

Typhoid  fever,  395,  399,  404, 
405,  408;  agglutination,  399; 
senim,  401, 

Tyrotoxin-poisoning,  morphin 
in,  218. 

Ulcers,  treatment,  70S;  anti- 
septics, 384;  astringents  and 
metals.  673,  682;  balsams  and 
essential  oils,  708;  orthoforms, 

239- 
Ulmus,  III,  746. 
Ultramarine.  114. 
Umbelliferx  as  flavors,  132. 
Uncaria.  6S0. 
Unguenta,  82. 
Ungiientum,  744. 
acidi  borici.  575, 
carbolici,  388. 
gallici,  678. 
salicylici,  390,  698, 
tannici,  6"S, 
aconitina?,  337. 


Unguentum  aquce  rosae,  744. 
atropinae,  206, 
belladonna,  804. 
camphone,  468. 
cantharidis,  696. 
capsici,  696. 
cetacei,  7^. 
cljTysarobmi,  698. 
cocainse.  240. 
conii,  SOfi. 
creosoti,  S80. 

falUc,  678. 
ydrargyri,  82,  0S7. 
ammoniati,  638. 
iodidi  rubri,  638. 
nitratis.  638. 
oxidi  flavi,  637. 
rubri,  637. 
iodi,  668. 

iodoformi,  383,  009. 
picis  lijquidte,  tS9> 
plumbi  acetatis,  645. 

carbonatis,  645. 
potassii  iodidi,  60fi. 
resinse,  744. 
simplex,  83. 
staphisagrise,  SS7. 
strammonii.  206. 
sulphuris,  66^. 
sulphuris  iodidum,  669. 
zinci.  631. 

Upas  tieut^,  157. 

Uranii  nitras,  613  .  .0.01  to  0.02 

Uranium.  612. 

Urea.  177,  610. 

Uremia,  ammonia  in,  556;  con- 
centration of  blood  m.  546: 
potassium  in,  554;  pilocarpin 
m.  300. 

Urethane,    446,    463;     materia ' 
medica,  455 2.0  to  40 

Urethral   bougies  and   supposi- 
tories, 81  (Fig.  43). 
injections,  683. 

Urethritis,  balsams  and  \-oIatile 
oils  in,  686. 

Urginea.  506. 

Unc  acid,'  176-  177.  18«.  675. 

Uric  calculi,  691;  acids  in,  580: 
alkalies  in,  589. 

Urinarj'  antiseptics,  386,  6M. 

Urine,  alkalines  on,  558,  500: 
colored  by  drugs,  720;  in 
fever,  393;  pyrogenetic  sub- 
stances in,  395:  secretion  (we 
Diuresis.  507  to  512):  testing 
for  medicmes,  112;  toxic  ac- 
tion, 188  (see  Uremia^. 
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Urotropin,  387;  in  uric  calculi, 

591- 

Ustilago,  521. 

Uterine  fibroids,  mammary  and 
parotid  glands  in,  320;  thy- 
roid in,  316. 

Uterine  hemorrhage,  523. 

Uterus,  drugs  on,  521. 

Uva  ursi,  387 i.o  to  4.0 

Vaccine,  400. 
Vaccinia,  681. 
Vaginal  injections,  682. 

suppositories.  81  (Fig.  43). 
Vagus,  241,  242:  analysis,  805; 

effect  of  stimulating,  486;  P. 

W.—F.  782  (Fig.  90);  JW,  784. 
Valentinus,  144. 
Valerian.  688. 

Valeriana  and  valerianates,  685. 
Valerianic  acid.  685  .  .0.6  to  i.o 
Vallet's  mass,  623, 
Value  of  pharmacology,   132  to 

134. 
Valvular  lesions  (see  Heart) . 
Vanadium  ion,  629,  630. 
Vanilla  and  vanilhn,  121. 
Van  Swieten,  146, 
Variola  virus,  400. 
Vasoconstriction ,         conditions 

producing.   479;    methods   of 

distinguishing,  494. 
Vasodilatation  by  drugs,  477  to 

479- 
Vasomotor  center,  drugs  acting 

on,    165 ;    drugs    stimulating, 

194;   paralysis,   strychnin  in, 

174. 
Vaughn  (bacterial  poisons),  395. 
Vegetable    astringents,    S73    to 

683  (see  Astringents) ;  materia 

medica,  679  to  6gi. 
Vegetable     cathartics,     neutral 

oils.    719;  general  discussion. 

715,  718;  senna  group,  720  to 

723- 

Vegetable  proteids,  755. 

Vegetable  tissue,  24. 

Vegetable  toxins.  412,  413. 

Vegetables,  copper  in,  630. 

Vehicle  (prescribing),  106. 

Vein  manometer,  778. 

Venesection.  703. 

Venice  soap,  593. 

Venin  (see  Snake  venom),  dis- 
appearance from  blood.  138. 

Venous  pressure,  P.  W . — M, 
800,  801, 


Veratrin.  veratrum,  and  group, 
136.  152,  153,  337  to  340; 
materia  medica.  340;  P.  W. — 
C,  765,  7fi8;  F,  790,  792;  M, 
775.  794,  801. 

Verairina.  ^40. 

Veratrum  viride,  340,  0,05  to  0,3 

Verbascum,  1 17. 

Vermicides  and  vermifuges,  737 

to  739- 
Veronica,  725. 
Vesicant    and    vesication,    009, 

651,  6c2,  703  to  706. 
Vessels  (botany),  26,  27. 
Viburnum.  714. 
Vichy  water  and  salt,  596. 
Vienna  paste,  592. 
Vina  (medicata),  71,  73, 
Vinegar,  585  (see  Aceta). 
(The  dose  of  wines,   when  not 
specially  mentioned  is 
8.0  to  15.0  c.c.) 
Vinum  album,  436. 

aloes,  722. 

antimoniale,  6n.  .0.3  to  15.0 

antimonii.  611 ...  .0.3  to  15.0 

aromaticum,    436. 

aurantii  compositum,  76. 

camis,  190. 
et  fern,  190, 
ferri,  et  cinchonas,  190. 

cocae.  240, 

colchici  radicis,  341, 

0.3  to    2.0 
seminis.  341. . .  .0.3  to    1.0 

condurango,  713 4.0 

ergotas,  521, 

erythroxyli,  240. 

fern,  625. 

amarum,  437. 
citratis,  625. 

ipecacuanhse,  324, 

0.5  to  2.0  to  25.0 

opii.  222 0.2  to    I. a 

pepsini.  750. 

picis.  389. 

portense.  436. 

pruni  \'irginianae,  473. 

rhei,  721. 

rubrum,  436. 

xericum,  436. 
Viola,  681. 

Virginia  snake-root,  713. 
Virginia  Springs.  597. 
Vision,  str^fchnin  on,  166,  175. 
Volatile  irritants,  654,  660. 
Volatile   oils,   683   to   693;   on 

bronchitis,    687;    on    central 
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ner\'ous  system.  6S8:  as  diu- 
retics, 687;  as  hysteric  seda- 
tives. 685;  in  inflammatiun. 
687 ;  materia  medicn.  6S8  to 
692 ;  mustard  group.  603; 
reflex  medullar>*  stimulants. 
684;  in  txiberculosis.  383,  687; 
as  urinar)'  disinfectants.  686. 
Volatile  organic  irriianis,  683  to 

Volatile  poisons,  absorption, 
136;  caustic  action.  654.  G60. 

Vomiting,  production  (see  Eme- 
tics, 1J5  to  330);  by  cocain, 
238;  m  diflferent  animals,  333. 

Vomiting,  treatment  (see  .-1  nti- 
emctics):  astringents,  675; 
bromids.  561 ;  nydrocyanic 
acid.  473- 

Von  Fuerth  (siiprarenin) ,  310. 

Vulcanized  rubber.  744. 

Wahoo,  506. 
Walnut.  6S1. 
Warburg's  pill.  353. 
Warburg's  tincture.  353  .  . ,  .0.3 
Warming  plaster.  6qs. 
W'arts,  6q8;  nitric  acid,  584. 
Washes,    141. 
Water    as    solvent.    63 ;    local 

actions,      661;      metabolic 

effects.  S4'  to  544- 
distilled  (see  Walcr). 
Water-baths,  50  (Kig.  30.  p.  49). 
WaU-r-glass.  74s- 
Water-hemlock,  iqi,  SIM  to  £08. 
Waters,  medicinal,  64.  65    (act 

Aqutr). 
mineral.  5(13  to  597. 
Watery  .solutions,  64, 
Waxes.  744. 

Weighing,  methods  of ,  38,  39. 
Weight,  dose  by.  1^7 
Weight,  systems  o^  ^13. 
Wheat  starch,  1 17  (Fig.  1,  p.  ao). 
Whisky.  435.  43ft  {see  Alcohol). 
White  arsenic,  do. 
White  beeswax,  744. 
White  lead,  645. 
White  mustard,  693. 
White  oak.  680. 

White  pine  exjMictorant,  530,600. 
White  precipitate.  638. 
White  vitriol,  631. 
Whooping-cough  (see  Pertussis). 
Wiesbaden  water,  596,  597. 
Wild  chcrn.'.  lai,  47S. 
Wild  ginger.  123. 


Williams'  heart  apparatus,  488 
(Fig  75>:P.  IV.— F.  791- 

Wine  measure,  a. 

Wineglass,  34. 

Wines  (see  A  Icohol) .  materia 
nit'dica.  436. 

Wines,  medicated  (see  Vinti),  73. 

WintcrgTx^en,    123. 

Witch-hazel. 6»0,6S6:  extractor 
water,  689. 

Wolfbane,  336. 

Wood.  33.  37;  definition.  17. 

Wood-charcoal.  7^8. 

Wool,  disinfection  of,  jfto. 

Wool-fat.  743. 

Woorara.  J75  (see  Curan). 

Worm  condenser.  53. 54  (Fig.  35). 

Worm-seed.  738.  73a. 

Wounds  (see  flcwostatics),  ab- 
sorption from .  137;  astrin- 
gents and  metals.  673.  b&i; 
disinfection  of.  3H0;  dusting- 
powders.  381 .  orthufonn.  339. 

Xaktbin.  176,  183,  187. 
Xanthoxylum,  6g>. 
X-ravs.  701. 
Xylol,  constitutton,  364. 

Varkow,  714 

Yeast,  fever  production  by.  395: 

drugs  on.  P.  \\\ — C,  773;  uses, 

318. 
Yellow  beeswax,  744. 
Yellow  dock.  68 1. 
y<ll(>w  jasmine.  305. 
Yellow  phosphorus,  645. 
Ycllnw  wash,  638. 
Yellow  wax.  744. 
Ycrba  santa.  115.  241;  P-  W.— 

^f>  775- 
ZenoARiA,  717. 
Zinc,  general  aetinn  and  materia 

medica,  6^0,  631.  local  acUon, 

670  to  683  (sec  Meiah). 
Zinci  bromidum,  361, 

0.3    to  4.0 

carbonas,  631. 

chloridum.  631. 

iodidum.  oM 0.3    to  4-0 

nxidum,  631 c.o6  to  0.1 

phosphidum,  649. 

sulphas,  165.  611;  P.  IV— A/. 
794 0.6    to  ].o 

sulphocarholu.  SSft,  631. 

0.6    to  1.0 

valorianas,  68c  . .  .0.6    to  1.0 
Zingiber,  133.  716, 
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Crushed  Buekram,  £1.75  net.  ^ 

DeSchweinitz  on  Diseases  ^  the  £ye.   -nord  [uitbon.  rctim^ 

Diseases  of  the  Eye.     A  Handbook  of  Oyihihalmic   Practice.      By 
E.  DE  ScHWEiNiTz,  M.  IJ.,  l*rofessor  of  Ophtha]nioloj;y,  Jefferson  Mc 
ca!  College,  Philadelphia,  etc.     Hand.soine  royal  octavo  volume  of 
pages;  256  fine  iltxtstrations  and  2  chromo- lithographic  plates.     Ch 
S4.00  net;  Sheep  or  Half  Morocco,  £5.00  net. 

Dorland's  Dictionaries. 

[See  Ameriian  liiusd-ateii  Medkaf  Dictionary  and  American 
Pocket  AfcMciii  Dictiofuin  on  page  3.] 

Dorland's    Obstetrics.      second  i:dhion.  Revbed  uid  GimUj  Co 

Modem  Obstclri»s.     By  W.  A.   Xiwman   Li*JKLANr»,   M.  !>.,  Asista 
1  >eiiionstnitor  of  Obstetrics,   L'nivcn»ity  of  Pennsylvania;  Assoctaic 
(iynccology,   Phil.idelphia    I'olyclinir.     Octavo  volume  of  797  \q^ 
with  zoi   illustrations.     Cloth,  $4.00  net. 

Eichhorst's  Practice  qf  Medicine. 

A  Text-Book  of  the  Practice  of  Medicine.  By  Ok.  Hfrman  £tc*miOR:d; 
Profe!isor  of  Special  Pathology  and  'Ihcrajwulics  and  Director  of  1 
Medituit  Clinic,  University  of  Zurich.  Translated  and  edited  by  Afu 
XL'S  A.  EsHNER,  M.  D.,  Professor  of  Clinical  Medicine,  Philadclp 
Polyclinic.  Two  octavo  \  olumes  of  600  pages  each,  over  150  illiistratio 
Prices  per  set :  Cloth,  £6.00  net ;  Sheep  or  Half  Morocco,  f  7.50  Mi 


Friedrich  and  Curtis  on  the  Nose,  Throat,  anb  Car. 

Rhinology,  Laryngology,  aiul  Otology,  and  I  heir  Significanrc  in  Ota 
eral  Medicine.  By  Dk.  K.  P.  Frif.iirkh,  of  Leipzig.  Kdilcd  U  I* 
HoLiiKooK  Curtis,  NL  D.,  Consulting  Surgeon  to  the  New  York  No 
and  Throat  Hosjiital.     Octavo,  348  pages.     Cloth,  $2.50  net. 

Frothin^ham's  Guide  for  the  Bacteriolo^st. 

ij.l>oratury  Liuidc  for  the  BactcriologiM.     By  I^nouon   FROTHwai, 
M.  D.  v.,  .Assistant  in  Bacteriology  and  Veterinary  Science.  SI 
Scientific  School,  Yale  Univcr»ily.     Illustrated.     Cloth,  75  cts.  w\. 

Garrigues'  Diseases  qf  Women.    Third  cdHion.  R«vu«d. 

I'isc'ascs  of  Woinc-n.  By  Hf.nrv  J.  C.arrigues,  A.  .M.,  M.  U.,*!'™ 
cologist  to  St.  Mark's  Hospital  ami  10  the  German  Dispcnsar}',  S«' 
York  City.  Octavo,  756  jiages.with  .567  engravings  and  colored  jilai*^ 
Cloth,  $4.50  net;  Sheep  or  Half  Morocco,  S5.50  net. 
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Gotild  an?  Pyle's  Curiosities  ^  Medicine. 

Anomalies  and  Curiosities  of  Medicine.  By  George  M.  Gould,  M.  D., 
and  Walter  L.  Pyle,  M.  I).  An  encyclopedic  collection  of  rare  and 
extraordinary  cases  and  of  the  most  striking  instances  of  abnormality  in 
all  branches  of  Medicine  and  Surgerj-,  derived  from  an  exhaustive 
research  of  medical  literature  from  its  origin  to  the  present  day, 
abstracted,  classified,  annotated,  and  indexed.  Handsome  octavo 
volume  of  968  pages ;  295  engravings  and  12  full-page  plates.  Popular 
Edition.      Cloth,  $3.00  net;  Sheep  or  Half  Morocco,  $4.00  net. 

Grafstrom's  Mechano-Therapy. 

A  Text-Book  of  Mechano-Therapy  (Massage  and  Medical  Gymnastics). 
By  Axel  V.  Grafstrom,  B.  Sc.,  M.  D.,  late  House  Physician,  City  Hos- 
pital, Biackwell's  Island,  New  York.  izmo,  139  pages,  illustrated. 
Cloth,  $1.00  net. 

Griffith   on   tht  Baby,      second  Edition.  Revised. 

The  Care  of  the  Baby.  By  J.  P.  Crozer  Griffith,  M.  D.,  Clinical 
Professor  of  Diseases  of  Children,  University  of  Pennsylvania ;  Phy- 
sician to  the  Children's  Hospital,  Philadelphia,  etc.  i2mo,  404  pages; 
67  illustrations  and  5  plates.     Cloth,  $1.50  net. 

Griffith's  Wei^t  Chart. 

Infant's  Weight  Chart.  Designed  by  J.  P.  Crozer  Griffith,  M.  D., 
Clinical  Professor  of  Diseases  of  Children,  University  of  Pennsylvania. 
25  charts  in  each  pad.     Per  jxid,  50  cts.  net. 

Hart's  Diet  in  Sickness  an?  in  Health. 

Diet  in  Sickness  and  Health.  By  Mrs.  Ernest  Hart,  formerly  Student 
of  the  Faculty  of  Medicine  of  Paris  and  of  the  London  School  of  Medi- 
cine for  Women ;  with  an  Introduction  by  Sir  Hexrv  Thompson, 
F.  R.  C.  S.,  M.  D.,  I^ndon.     220  pages.     Cloth,  S1.50  net. 

Haynes'  Anatomy. 

A  Manual  of  Anatomy.  By  Irving  S.  H.wnes,  M.  D.,  Profes.sor  of 
Practical  Anatomy  in  Cornell  University  Medical  College.  680  pages; 
42  diagrams  and  134  full-iKige  half-tone  illustrations  from  original  photo- 
graphs of  the  author's  dissections.     Cloth,  $2.50  net. 

Heisler'S    EmbryolO^.       second  Edition,  Revised. 

A  Text-Book  of  Embryology.  By  John  C.  Heislkr,  M.  D.,  Professor 
of  Anatomy,  Medico-Chirurgical  College,  Philadelphia.  Octavo  volume 
of  405  pages,  handsomely  illustrated.     Cloth,  52-50  net. 

Hirst's    Obstetrics.      TUrd  edition.  Reviled  and  EnUr^. 

A  Text-Book  of  Obstetrics.  By  Barion  Cookk  Hirst,  M.  I).,  Professor 
of  Obstetrics,  University  of  Pennsylvania.  Handsome  octavo  volume 
of  873  Images  ;  704  illustrations,  36  of  them  in  colors.  Cloth,  J5.00  net ; 
Sheep  or  Half  Morocco,  $6. 00  net. 


Hyde  and  Montgomery  on   Syphilis  arid  the  Venereal 

Diseases,      second  EUHUon.  Revb«d  ud  Greatly  EaiUrtML 

Syphilis  and  the  Venereal  Diseases.     By  James  Nevins  Hvdk.  M. 
Professor  of  Skin  and  Venereal  Diseases,  and  Frank  H.  MnsT.nMf  ht, 
M.  D.,  Associate  Profewor  of  Skin,  flcniio-LTinarj,  and  Venereal  !>i»- 
eases  in    Rush    Medical   College,  C'hicago,   111.      OctavO;  594  pagek, 

profusely  illusiraled.     Cloth,  5400  »^t- 
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fPie  International  Text-Book  of  Surgery,     b,  Two  Vo 

By  American  and  British  Authors.  Edited  by  J.  Coluns  V\'a»* 
M.  v.,  LL.  D.,  F.  R.  C.  S.  (Hon. ),  Professor  of  Surgeri-,  Han-ard  Mc 
cal  School.  Boston  ;  and  A.  Pf^rce  (i«.n  id,  M.  S.,  F.  R.  C.  S.,  Lo  ttirc  r 
on  Practical  Snidery  and  Teacher  of  0|jerative  Surger)*,  Midd!lc*ci 
Hospital  Medica.1  Srhool,  Ij3ndon,  ICng.  Vol.  I.  Genfrai  Sur^rn  — 
}faiidsonie  octavo,  947  [tages,  with  45S  lieautifiil  illustrations  and  9 
lithographic  plates.  \'ol.  II.  Spednl  or  /ffi^ioNit/  Sur^fry. — Handsome 
octavo,  1072  pages,  with  471  beautiful  iltnslrations  and  8  liifao^r 
plates.  Solif  {>y  Suhsenpthn.  Pri<]es  per  volume:  Cloth.  55^-. 
Sheep  or  Half  Morocco,  £6.00  net. 

'■  It  is  ibK  most  valuable  work  on  ihe  subject  llut  has  riip[K^m]  m  ^j>n.  '  l-   .th 

clan  and  the  pathologist  h.tvp  joinrd  hands  in  Its  production,  .iml  thr  fc- 
hcliOD  to  the  Fdilon  us  It  i4  n  gr:ilifiCAl)oti  to  tlip   cun>>ciirntiuus  rradrr," — .,  Aiwj 

"This  Is  a  work  which  connes  to  u»  on  lis  own  InlrinMC  mcriis.    O*  Uie  IpiMer  it' 
many.     The  armngemrnt  of  ^uhjects  i»  pxctfllrnt,  nnd  their  tivaimrnl  ■>>  Ihi*  ilitTerHil 
la  equally  so.     Whiit  ia  ekpecully  to  lie  rrconiincndrd  u  the  it.iin«tn.klne  rndcaror^ 
writer  to  innke  his  sulijrci  clear  and  10  tlic  {Krint.     To  Hits  end  pariicularlv  t>  thr 
of  operations  lucidly  dtscnhcrf  in  all  neccss-irv  dewd.     And  wnl'nl  the  »■    ' 
•  ver>*  [<fi[iarkabtc  decree,  many  of  the  late«t  operaiioiis  in  lh<  d;ff«^nrnl  r.  ti 

body  hrlnn;  K>^'<^n  >n  f>dt  detniU.    'J^htrc  is  not  »  vhnpler  hi  the  uurk  fron 
may  mn  It-am  sotnethitiB  new  " — MeMctf  R^iflrd.  New  York. 

Jackson's  Diseases  (jf  the  Eye. 

A  Manual  of  Disease;^  of  the  Kve.     Bv  Edward  Jackson,  A.  M.,M  P, 
Emeritus  Professor  of  Diseases  of  the  Eye,  T'hilailel]>hi3  Pol->  I 

College  for  (iradiiaies  in  Medicine.      i2mo\olijnte  of  535  1  ^ 
178  illustrations,  mostly  from  drawings  by  the  author.    Cloth,  $2.50  net 

Keating's  Life  Insurance. 

How  10  1-Aaminc  lor   Life   Insurance.     By  JOHS  M.  KEATlNft.  M  l*.,^ 
Fellow  of  the  College  of  Physicians  of  Philadelphia  ;  Ex-Presidetn  of  ih" 
Association  of  Life  In.s\iraiue  Medical  Directors.      Royal  octavo.  Ji^ 
pages.     With  numerous  illustrations.     Cloth,  S200  netl 

Keen  on  the  Surgery  qf   Typhoid  Fever. 

The  Surgical  Couiplicatioiis  and  .Se<|ucls  of  Tvplioid  Fever.  ByWl 
W.  Keen,  M.  D.,  LL.  D.,  F.  R.  C.  S.  fHon.).  Professor  of  the  Principle 
of  Surger>-  and  of  Clinical  Surgery,  Jefferson  Medical  College.  Iw 
delphia,  etc.    Octavo  volume  of  ^&(i  jiages,  illustrated.   Clovh,  5300  r" 

Keen's    Operation    Blank.      second  Edition.  Reviaed  Form. 

An  operation  Blank,  with  Lists  of  lnstr\iments,  etc..  Required  in  V«l 
ous  Oiwrations.     Prepared  by  W.  W.  Keen.  M.  D.,  LL.  I)..  F  R  C  S^-j 
(Hon. ),  Professor  of  the  Prinriplc-s  of  Surgery  and  of  Clinn 
Jefferson  Medical  College,  Philadelphia.     Price  per  pad,  bUi. 
operations,  50  cis.  net. 
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Lyle  on  the  Nose  and  Throat,    second  c<iition. 

Diseases  of  the  Nose  and  Throat.  By  D.  Braden  Kyle,  M.  D.,  Clinical 
Professor  of  laryngology  and  Rhiiiology,  Jefferson  Medical  College, 
Philadelphia.  Octavo,  646  pages;  over  150  illustrations  and  6  litho- 
graphic plates.     Cloth,  $4.00  net;  Sheep  or  Half  Morocco,  $5.00  net. 

«aine's  Temperature  Chart. 

Temperature  Chart.  Prei^ired  by  D.  T.  Lain^,  M.  D.  Size  8xi3>^ 
inches.  A  conveniently  arranged  Chart  for  recording  Temperature, 
with  columns  for  daily  amounts  of  Urinarj-  and  Fecal  Excretions,  Food, 
Remarks,  etc.  On  the  back  of  each  chart  is  given  the  Brand  treatment 
of  Typhoid  Fever.     Price,  per  i>ad  of  25  charts,  50  cts.  net. 

rcvy.  Klemperer,  aiid  Eshner's  Clinical  Bacteriolo^. 

The  Elements  of  Clinical  Bacteriolog}'.  By  Dr.  Ernst  Levy,  Pro- 
fessor in  the  University  of  Strasburg,  and  Fei.ix  Klemperer,  Privat- 
docent  in  the  University  of  Strasburg.  Translated  and  edited  by 
Augustus  A.  Eshner,  M.  D.,  Professor  of  Clinical  Medicine,  Philadel- 
phia Polyclinic.    Octavo,  440  pages,  fully  illustrated.    Cloth,  J2.50  net. 

ockwood's  Practice  vf  Medicine.         Re^'^d'ift«i. 

A  Manual  of  the  Practice  of  Medicine.  By  George  Roe  Lockwood, 
M.  D.,  Profes.sor  of  Practice  in  the  Woman's  Medical  College  of  the 
New  York  Infinnary,  etc. 

.on^s  Syllabus  cf  Gynecology. 

A  Syllabus  of  Gynecology,  arranged  in  Conformity  with  "An  American 
Text-Book  of  Ciynecology. "  By  J.  \V.  l,oNr,,  M.  D.,  I^rofessor  of  Dis- 
eases of  Women  and  Children,  Medical  College  of  Virginia,  etc.  Cloth, 
interleaved,  $1.00  net. 

lacdonald's  Surgical  Diagnosis  an'd  Treatment 

Surgical  Diagnosis  and  Treatment.  By  J.  W.  MAcnoNALD,  M.  D. 
Edin.,  F.  R.  C.  S.  Edin.,  Profes.sor  of  Practice  of  Surgerj'  and  Clinical 
Surgery,  Hamline  University.  Handsome  octavo,  800  images,  fully  illus- 
trated.    Cloth,  115.00  net;  Sheep  or  Half  Morocco,  $6.00  net. 

[allory  and  Wright's  Pathological  Technique. 

Second  Edition,  Revised. 

Pathological  Technique.  A  Practical  Manual  for  l^lwratory  Work  in 
Pathology,  Bacteriology,  and  Morbid  Anatomy,  with  chapters  on  l*ost- 
Mortem  'Technitiuu  and  the  Perfomiancc  of  Autoi)sies.  By  Frank  B. 
Mallorv,  A.M.,  M.  0.,  .Assistant  Professor  of  Pathology,  Harvard 
University  Medical  School.  Boston;  and  James  H.  Wri(;ht,  A.M., 
M.  D.,  Instnictor  in  Pathology.  Harvard  University  Medical  School, 
Boston. 

[cFarland's  Pathogenic  Bacteria.  ^^v«i^"Si«.*" 

Text-Book  upon  the  Pathogenic  liacteria.  By  Joseph  Mi:Fari.and, 
M.  D.,  Professor  of  Pathology  and  Bacteriology,  Medico-Chirurgical 
College  of  Philadel])hia.  etc.  Octavo  volume  of  621  pages,  finelv  ill\s&- 
trated.     Cloth,  $3-25  net. 


Mei^s  on  Feeding  in  Infancy. 

Feetling  in  F^rly  Infancy.  By  Akthvr  V.  Meics,  M.  D.  Bouixi  in 
limp  cloih,  flush  edges,  25  els.  net. 

Moore's  Orthopedic  Surgery. 

A  Manital  of  Orthopedic  Surgen-.  By  James  E.  MookE,  M,  D.,  PM* 
fcjsor  of  Orthopedici  and  Adjunct  Professor  of  Clinical  Surgerj-,  I'oi* 
versity  of  Minnesota,  College  of  Medicine  and  Suigery.  Octavo  volume 
of  556  pages,  handsomely  illustrated.     Cloih,  $3.50  net. 

Morten's  Nurses'  Dictionary. 

Nurses'  l)i«  tioruiry  01  Mcdunl  Itrms  and  Nursing  Treatment.  Con- 
taining r)erinitions  of  the  Principal  Medical  and  Nui^ng  Tcnm  mil 
Abbre\iations;  of  ihe  Instmrncnts,  I>nigs,  Diiicases,  Acridenti,  Treii- 
ments,  Ojjeraiions,  Foods,  Appliances,  etc.  encountered  in  the  vimi  w 
in  the  Mck-rooni.  By  Hunnor  Muktkn,  author  of  '*  How  to  Bctowc 
a  Nurse,"  etc.     i6nio,  140  i>ages.     Cloth,  gi.oo  net. 

Nancrede's  Anatomy  and  Dissection,    rourth  cdttkm. 

Kviontials  of  Anaiotny  and  Manual  of  Practical  I>is9ection.  PtCh^i* 
B.  Kancrkuk,  .M.  I).,  IJ..  0.,  Professor  of  Surgery  and  01  '/• 

gerj'.  University  of  Michigan,  Ann  Arbor.     Post-oi.U'ivo,  y.  •  Jt 

full-page  lithographic  plates  in  colors  and  nearly  200  il!\tstnition&.  tsin 
Cloth  I. or  Oiltlolh  for  <lissection-room),  §2.00  net. 

Nancrede's  Principles  of  Surgery. 

Lectures  on  the  Prini.iples  of  Surgery.  B>  Cha5.  B.  \AXCJtROE,  1L U. 
LL.  D..  Professor  of  Surgery  and  of  Clinical  Surgery,  Vni\-e«itT  <rf 
Mil  higan,  .\nn  .\rlKir.    Octavo,  ^98  [ages,  illustrated.    Cloth,  p.50  wi- 

Norris's  Syllabus  <2f  Obstetrics.    TMrd  lUBHoa.  luvhtd. 

Syllabus  of  (>ltttein'(al  Lectures  in  the  Medical  r>epaitmcQt  of  tbc 
University  of  Penrwylvania.  By  Rh:hahi>  C.  Norri*.  A.M.,)!. IX. 
Instructor  in  Ohstctrics  and  Lctiurer  on  CUaital  and  Openttlre  OfciW* 
rioi,  University  of  Penns}'|vania.  Crown  octavo,  222  page*.  OaA, 
interleaved  for  notes,  §2,00  net. 

O^den  on  the  Urine. 

Clinical  Exaiuination  of  the  L^rine  and  Urinary  Uiagno<ti',  A  n«ni<^ 
Guide  for  the  Use  of  Prai  lilioners  and  Student*  of  M  ' 

gery.     By  J.  Bi-rcf.s  Or.iiFiN,  M.  D..  Insinjctoi   in  ("  i  "^ 

NIediral  :Vhool.  Handsome  octavo,  416  pages,  with  54  litiatntRiBi 
and  a  number  of  colored  plates.     Cloth,  ^3.00  net. 

Penrose's  Diseases  qf  Women,    rowtb  ctBtion.  lu^vd. 

A  Text-Iiook  of  liiseases  of  \\omen.  By  Charu^s  B.  Pj:n-rcsji,  V  CU 
Pii.  I).,  formerly  Profe'vsor  of  Gynecology  in  the  University  of  ft** 
sylvania.     (Xiavo  volume  of  538  pages,  handsomely  Ulustiated     t"Wfc» 

^■3.75  ""^t 


OF   IV.  B.  SAUNDERS  &'    CO.  u 


Pryor— Pelvic  Inflammations. 

The  Treatment  of  Pelvic  Inflammations  through  the  Vagina.  By  W. 
R.  Pryor,  M.  D.,  Professor  of  Gynecology,  New  York  Polyclinic. 
i2mo,  248  pages,  handsomely  illustrated.     Cloth,  $2.00  net. 

Pye's  Banda^n^ 

Elementary  Bandaging  and  Surgical  Dressing.  With  Directions  con- 
cerning the  Immediate  Treatment  of  Cases  of  Emergency.  By  Walter 
Pye,  F.  R.  C.  S.,  late  Surgeon  to  St.  Mary's  Hospital,  London.  Small 
i2mo,  over  80  illustrations.     Cloth,  flexible  covers,  75  cts.  net. 

Pyle's  Personal  Hy^ene. 

A  Manual  of  Personal  Hygiene.  Proper  Living  upon  a  Physiologic 
Basis.  Edited  by  Walter  L.  Pyle,  M.  D.,  Assistant  Surgeon  to  the 
Wills  Eye  Hospital,  Philadelphia.  Octavo  volume  of  344  pages,  fully 
illustrated.     Cloth,  $1.50  net. 

Raymond's  Physiology.    R,viJ^;U^£;u,<«L 

A  Text-Book  of  Physiology.  By  Joseph  H.  Raymond,  A.  M.,  M.  D., 
Professor  of  Physiology  and  Hygiene  and  Lecturer  on  Gynecology  in 
the  Long  Island  College  Hospital. 

Salinger  aiid  Kalteyer's  Modem  Medicine. 

Modem  Medicine.  By  Julius  L.  Salinger,  M.  D.,  Demonstrator  of 
Clinical  Medicine,  Jefferson  Medical  College ;  and  F.  J.  Kalteyer, 
M.  D.,  Assistant  Demonstrator  of  Clinical  Medicine,  Jefferson  Medical 
College.     Handsome  octavo,  801  pages,  illustrated.     Cloth,  J4.00  net. 

Saundby's  Renal  arid  Urinary  Diseases. 

Lectures  on  Renal  and  Urinary  Diseases.  By  Robert  Saundby,  M.  D. 
Edin.,  Fellow  of  the  Royal  College  of  Physicians,  London,  and  of  the 
Royal  Medico-Chirurgical  Society ;  Professor  of  Medicine  in  Mason 
College,  Birmingham,  etc.  Octavo,  434  pages,  with  numerous  illustra- 
tions and  4  colored  plates.     Cloth,  $2.50  net. 

Saunders'  Medical  Hand-Atlases. 

See  p&^et  16  and  17. 

Saunders'  Pocket  Medical  Formulary,  sixth  Edition.  ReviMd. 

By  William  M.  Powell,  M.  D.,  author  of  "Essentials  of  Diseases  of 
Children":  Member  of  Philadelphia  Pathological  Society.  Contain- 
ing 1844  formulre  from  the  best-known  authorities.  With  an  Appendix 
containing  Posological  Table,  Formulae  and  Doses  for  Hypodermic 
Medication,  Poisons  and  their  Antidotes,  Diameters  of  the  Female  Pelvis 
and  Fetal  Head,  Obstetrical  Table,  Diet  List  for  Various  Diseases,  Mate- 
rials and  Drugs  used  in  Antiseptic  Surgery,  Treatment  of  Asphyxia  from 
Drowning,  Surgical  Remembrancer,  'lables  of  Incomi>atibles,  Eruptive 
Fevers,  etc.,  etc.  Handsomely  bound  in  flexible  morocco,  with  side 
index,  wallet,  and  flap.     $2.00  net. 

Saunders'  Question-Compends. 

See  patfe  15. 
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Scudder's  Fractures,    second  cduioo.  lUviMd. 

The  Treatment  of  Fractures.  By  Chas.  L.  Scudder,  M.  D.,  Assistant 
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of  this  great  encyclopedia  of  medicine  in  English. 

For  the  present  a  set  of  some  ten  or  twelve  volumes,  representing  the  mcst 
practical  part  of  this  encyclopedia,  and  selected  with  especial  thought  of  the  oaadi 
of  tfie  practical  phytician,  will  be  published.  Tlie  volumes  will  contain  the  real 
essence  of  the  entire  work,  and  the  purchaser  will  therefore  obtain  at  less  than 
half  the  cost  the  cream  of  the  original.  Later  the  special  and  more  strictly 
scientific  volumes  will  be  offered  from  time  to  time. 

The  work  will  be  translated  by  men  possessing  thorough  knowledge  of  brth 
English  and  German,  and  each  volume  will  be  Mfited  by  a  ptomiaegt  ipecbBi) 
on  the  subject  to  which  it  is  devoted.  It  will  thus  be  brought  thoroughly  up  to 
date,  and  the  American  edition  will  be  more  than  a  mere  translation  of  the  Ger- 
man ;  for.  in  addition  t«>  the  matter  contained  in  the  original,  it  will  represtnt  the 
very  latest  views  of  the  leadinff  American  specialists  in  the  various  dt^panmeni- 
of  Internal  Medicine.  The  whole  System  will  be  under  the  editorial  .suptr- 
vision  of  Dr.  Alfred  Stengel,  who  will  select  the  subjects  for  the  American  edition, 
and  will  choose  the  editors  of  the  different  volumes. 

Unlike  most  encyclopedias,  the  publication  of  this  work  will  not  be  eiteoAd 
over  a  number  of  years,  but  five  or  six  volumes  will  be  issued  during  the  coming 
year,  and  the  remainder  of  the  series  at  the  same  rate.  Moreover,  each  volume 
will  be  revised  to  the  date  of  its  publicatfon  by  the  American  editor.  This  will 
obviate  the  objection  that  has  heretofore  existed  to  systems  published  in  a  numbtr 
of  volumes,  since  the  subscriber  will  receive  the  completed  work  while  the  earlier 
volumes  are  still  fresh. 

The  usual  method  of  publishers,  when  issuing  a  work  of  this  kind,  has  bctn 
to  compel  physicians  to  take  the  entire  System.  This  seems  to  us  in  many  caM.-s 
to  be  undesirable.  Tlit-refore,  in  purchasing  this  encycloi>edia,  physicians  will  !t 
given  the  opportunity  of  subscribing  for  the  entire  System  at  one  time ;  but  an^ 
single  volume  or  any  number  of  volumes  may  be  obtained  by  those  who  di>  not 
desire  the  complete  series.  This  latter  method,  while  not  so  profitable  to  the  pub- 
lisher, offers  to  the  purchaser  many  advantages  which  will  be  appredated  by  tlK^ 
who  do  not  care  tu  suhscritx;  for  the  entire  work  at  one  time. 

This  American  edition  cf  Xotlmagel's  Encyclopedia  ttill,  without  question. 
form  the  greatest  System  of  Medicine  ever  produced,  and  the  publishers  leel  con- 
fident that  it  will  meet  with  general  favor  in  the  medical  profession. 
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